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Preface 

Ti^E fir^vioue ^ditjpn of 'i^echnical Methodsyf Chemical Analysis was 
• based the 'wo'c]^Chemisc%-Uchnische>JJnters'iichungsmelhoden, originally 
editedJoy DrJF. Bockmanii and .f^bse^uently revised in several editions 
l^y Profesor Lunge. ^ 

Tha Epgiish translation ^vas effited in coiyunction with Professor 
feunge, ancf «was* adapt*d to^ English conditions of manufacture by 
col^boraflon with spgcialists fuljy familiar with the methods of work 
^n use in‘khis^coun^.^ Al?hojigh this adaptation was made as com¬ 
plete aij* possible, i^ \ 14 as necessarily s*omevvhat hampered by the 
character and subject-matfeW*the G(vm|fn text, and it has accordingly 
betjnS:cnsidergd p€*rferable ♦e)Vtake<his new edition more independent, 
and each of tl^e contributors enfirely responsible for his section. 

Prjm this consijieratiSis njai^ of the sections have been largely 
re'^riften,® several n^w sections liavfc biicn added, atid the whole of 
^the subject-rnattei*iftis been thoroughly revisedbrought up to 
flate. arrangement of^the contents of each volume has klso 

been modified so as«ito group the sections dealing with correlated 
Ipdustri^ mcre^ advantageously than in the previous edition. 

« This plan •\»as fu*ly approved by Professor Lunge, although at the 
tipie; ths» preparation of this jitw edition was begun, he was unable to 
part ia^te in ^ny .way in ghe editorship. It is a matter of sincere 
eegta*. rtiat he <ias noMive^ to‘see the* comple^n of the work to 
‘which ha made ^i^ch in\{jortait,«contributions by his outstanding 
se«vitts to the advancement Intlustria* analysis. 

Thejvork wil^ba publ^ed igi ^ix separate foluiaes, and in addition 
»tp the* index with ef.ch volume, ft complet^ index for the \^jhole will 
be provid^. • The* tables of ‘^ftneral applicabjy'iy are printed for 
^referenj* at the end tif e^lV^'olume, and an ^ndex of tables* has 
been add^. 

The^nesR' sectibns inc\pdeoyin kht^resent viftuiTR; are—“Electrolytic 
Methods of Chemical Analysis ’’ aiia “jPhysicJl Methods employed in 
ChenjiCal Analysis.” 

As in,the previous edition, all 4|je i^marical data, with the exception 
of those ii1Vw|jich empirical" factors £yg empfoyeii in technical work, 



Vi PREFACE 

€ 

are calculated /ram. the table of atomic weights for 1921-23, with 
0=16 as basis, .issued by the International Committee on Atomic 
Weights. The niimerical data for gases and for the weights of sub¬ 
stances to be taken for analysis, so ae to correspond to definite 
volumes of gases, are ail calculated from fhe real fitre weights accord¬ 
ing to the most reliable determinations, not from the calculated values. 
All temperatures are given in Qent/grade 'degrees except where 
otherwise stated. , < ^ , 

The Editors desire to record their thanks to the Faraday Society, 
the Society of Chemical Industry, and Messrs Ijohn Wiley & Sons, 
for permission to reproduce illustration^ from ^the'fr 1 pub)ic|tidns, 
and to Messrs Baird & iVtlock ^LondonI’hc Carfibridge ahj* Paul 
Scientific Instrument Co., MessrSt Et^shed^'and Vignollps, the Editor 
and Publisher of the Gas 'Messrs A Gallenkamp.& Co., 

Messrs Charles Griffin & Go., ^Vlis.'^s J. & J. Grifffli & Cp.', "Messrs 
Adam Hilger & Co., l\lessrs Longmins,^ Grcai & Co., Messrs Sieb^, 
Gorman & Co., Messrs W. Sugg & Co», Messrs Thompson, 5 kinnef & 
Hamilton, and Messrs Alex. Wright i,C(f, {0* thp loan^of cllustratiop, 
blocks. ' , ! ‘ \ \ ' f ' 

if^milLES A. KE/VNE. 

■•^.VC. L. TkOENE. '' 

London, October 1923. 
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TECHNICAL METHODS OF CHEMICAL 

* ANAf-YSIS 

» 

IN’a’ROlfUfTION 

TeCHnTcal* methods oi* chemical analysis include many general 
analytical picthods toggAcr whh certain practical tests which have 
bee» devised to'mcet the reqi^cnjents of the manufacturing processes 
of chemical tndwstry. • 'J*^e*lattci*comprise^ number of methods which 
now form* a recognisid fi»rt^^ analytical chemistry, but which were 
originally looked u^tfin as pure^*“techrficaF’ methods. This is particu¬ 
larly true o/ vftlumotric an^j^sisi, wlifch^ fouftded as early as 1795 and 
1806 by Descroizilles, wj|^ first»used as a method for controlling and 
""e'scSm^iTi^ the valuer of tfcfinieaf products suth as «:ids and alkalis. 

Ga/-Lus.sac's metlujdJ fpr chlorimetry {1^24), alkalimetry (1828), and 
■ for the estimation of^ilvfr (183*), as well as Hie perfnanganate method 
erf estimatfl»g iron inUoduced by Margueritte (1846), fall in the same 
'* category, and were all devised to meet the requirements of technical 
wjrk, and were*at firs4 employed exclusively for this purpose. 

“ VolumetriV’ analysis was, for a considetable period, regarded with 
a ^erfein* degree; of contempt *as a “tecjjnscal” method, the study of 
whijh'toiTld only be •disadv^mtageous to 4 he attainment of scientific 
‘accuracy. This view*coiHcf|h(Twevcr,^no longer be ifpheld after it was 
shown^y Sunsen, in^tis paper on ^olumctrit analysis by rrteans of iodine 
(18^^), that the accuracy «f thi.s* prsAss was greater than that of most 
gravimetfle methorjs, %nd after othe^ investigators, especially H. Schwarz 
*1^50) aTid gricdficl^ Mohr (ftptn 4855), had*established the vSlue and 
reliataii^ of tins branch^f ai^l^^jfis. , 

• On fhe other baaad, many tscl^iical methods ha^’e been developed 
from the n^re aijcuratc andjengyi^ jirocesscs <w\ployed Hn scientific 
invrttigjtion, as in the case of the tfehn ical nacthods of gas analysis 
whi 5 i a1^ based 6n the classical investigations of Jlu'iscn^lSsy). 

Tli^se reciprocal Hevelcaprflents have placed a wide field of analytical 
processes *a^ the disposal of,thos(?%ngagt^ in technical work. Their 
applicability is*rela*ed« to th^ analyWitrfl cpntrol required; they have 
1 • ‘ * A, 
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been modified arid .adapted so as to meet these requirements, especia../ 
in relation to rapidity, degree of accuracy and simplicity in manipula¬ 
tion, in accordance with the character of the operations,and materials 
concerned. . , ‘ ^ 

The technical methods of chemical Analysis comprise the following 
classes of work :—*■ 

■ • t 

I. Examination, OF Ravv MArERiAiss 

Accurate methods of analysis are geneijally employed. In other 
cases, rougher tests may bfe sufficient within limits,^nd in pdi't >fnust 
suffice in default of beVer methods; ph;fsical, microscopic!, or othef 
external methods of examina'tic^n are also o,ften used. 

4 4 1 

2. Control of W’orking Co'NAixipN.s 

Chemical analysis, with the addjtipn, it many'cases, of physical 
methods specific gravity detftrminatfqns, prqssurt relations, 

temperature control, etc.), is adoptedlf 'Pheirufitl^ods usually employed 
are those which can be earned out with,the greijtest possible rapidity; 
they are consequently ofteq lacking fnfAceJuracy, but sufficcifor com¬ 
parative purposes. , 

3. EXA.VINATION Ol’i 'f ROpUCTS , . 

Accurate methods of analysis are som'etipios employed; especially 
when a guarantet of composition is. required ;• frequently, however, 
easily observable external characteristics and empirical testj suffice. • 

I 

In all three classes different methods of examiViatioif may >be 
necessary, namely:— . « . • v 

(a) Qualitative tests, which are in* most cases concernc*d with •the 
detection of an impurity. , • , * • i* 

(^) Quantitative determkiatiorf of V p!'i*cip}l cbnstituAit, whiJji • 
is the subjecUof a guarantei^ in buyihg or'scllingfor which i 5 a leading 
factor in the working gf a proces.s.t, * , , •* 

(c) Quantitaflve determination of secoadary dbifctituente, in which 
various'eonsiderations denand attention namely:— .* • • 

(a) Secondary constituents of vajue whicK form* tlte iubjecj’of a 
guarantee, such as ^he percAita^e of car^oigiastctel. • • 

(/ 3 ) Seoondary (;9n?tituents which are deleterious impurities, and 
which ought,not to cVfeed a'cerAiin ma^imunrt, ts^., phos- 
phoAis in steel, chloi^jdc's in potas^urft nitrate. , ' 

(y) Secondary constituents the .tstimation of»which serves ^c»r the 
indirect? determinStioq o[/the amount of the prjiKipal con¬ 
stituent pfesent, as in the valuation of Chjli sajtpkrc. 
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{d) Quantitative deterntinaction of several constituents, usually a 
combination of the two classes b and c, i.e., the- estimation of the chief 
constituent anjl of one or more important impurities, as the estimation 
of the alumina, iron, a^d free arfd in the analysis of aluminium sulphate, 
and the determination of the iron, sulphur, and phosphorus in the 
examination of iron ores. 

(c) Examination of Cjertain physical properties, c.g., the viscosity 
of lubricating oHs, the, flash-point of petroleum, the specific rotatory 
power of sugars. 

(•^),JExaminaiion of Certain Acternal properties demanded by 
the trad_e/»such a? coteur, luftrc, density, strength, etc. 

^g) Complete chemical analysis i-s^only very exceptionally required 
for tcchsical fairposes; it iftay be ifece^sary in such instances as a new 
discovery of ores and tin* fike. 

Tliese classes'of analy^tfcal u4ork wijl all be considered in the sections 
dealing with thet various indust^ies^ A general knowledge of analytical 
cl^emistry, and more sspc*cfally of mineral ^analysis and of elementary 
organic analysis, iS pujmi.'ted. ^Thc special apparatus and methods of 
work dcs^ribeci are,those feq’ijlslte or «se£ul for the attainment of the 
results'that ,ar(? recallired in fejftp’icifl'work, c,^n in those instances in 
which general tnethods o,^analyJiis are employed. The greater part of 
t'lio 'JdijoV, however, if natufaily. dfevoted to the methods which have 
beeiT specially worked* out Tor technic'al pTirposcs, and which are but 
• seldom if ever practiced in sci(aitific laboratories. • 

• The mwthod* and apparatus described in the first part of this 
’volume are those us5ci for a variety of purposes, particular stress 
bc^ng laiS upotf those^onsiderations that serve to facilitate the work of 
technical laboratories. Ffom this standpoint descriptions are included 
of »hc*ap^*aratus and methods‘employed ip electro-chemical analysis 
and of*iht phy.sicar ipcthods of exainina^ion empjoyed in technical 
•\/ork. l*he morC spfcifi* tfictiTod.sl^f anaJysis employed in the various 
industries Sre dealt ’J*>th in tire sut)Scqucnt»portion of this volume and 
in the succeeding volumes. 



GENERmi. iviJiijiuJJb ubliU Jl\ lEEHNlGAL 

'ANALYSIS ' 

13 y Charles A. Keane, I).Sc., IMi.Ic, and tKc late Trofcssoi (L Lunge 

I.—THE TAKINC.QF S.\MPLKS' 

The preparation of an average sar.ipIC, I'bfilly represeniative of the 
quality of the material to be investigated, 'repuircs special care and 
precautions. It is a problem of-funclaihJtftal importance in all branches 
of technical analysis, as lack of caie rhd judgment in sampling neces¬ 
sarily invalidates subsequent analj'ticai resuF^s. 

The preparation of. a really avfi'rage''Samplc; is most di^cuft -iTi 
materials occurring in large pieces; it is considerably easier owith 
more finely grained materials, still easier-with, jjowdered materials,, 
easiest of all, as a rule, with liquids, and more difficult .with gases. 
Special difficulties occur when contact with afi, whilst the sample is* 
being taken and ground, may alter its condition by evaporation, ab.sovp- 
tion of water, oxidation, etc. In such cases very spcLial precautions 
are necessary, which will be fully dealf'■Aith subsequently. *> . s 

With materials in lumps, sampling is most difficultr u^icn the 
valuable constituent occurs only in small *aeioui|t and vcry‘unecfuarly 
distributed, as in ores of the Iiuble ntctals, or when ctrtain very 
deleterious impurities, also uneq-uall/ distribqtcd, are jirescnf. .‘The 
disputes that hSve arisen from dcVectivc; sam[fiir^* have«ied to the 
drawing up of definite frules for sapgling ; also, it has batime the 
custom, in all important ‘cases, for /h‘e operations of li^in^^aftiples, 
grinding them, and making them info‘a torm read^ foi; h.tnding to tlic 
chemist, to-be carrifd^out in the presmice of representatives of both 
parties concerned, or hi the piij^n’ce of a rflutuall/appo*ititetl r^eree. 
Usually several bottles are Simultaneously filled with the prCjuared 
average sample, and closed-with thfl seal ■oi both parties. • . 

1 Literature on S'amp^intr,—^, Qlen, y. Cliem. Ind,, 1898, 17. 133; l!. Orjffin, 

1905, 24, 183; 1909, 28, 193; W. L. ftiiqie, Chem. Trade /., 1930 67, 353. 



THE ^TAKING OF SAMPLES 

The following directions lay no claim to be a permanent solutio 
of the difficult problem of sampling; they-can only represent a 
approximation which has been found to,be generally satisfactory. 

In many cases, •jjarticulaMy in the industries connected wit 
organic chemistry, but also, e.g., with caustic soda, fuming sulphuri 
acid, metals, alloys, etc.,_ the samples must be taken according ti 
special methods applicable to each iialividual case, owing to the natun 
of the substance^in question.' Where,standardised or statutory method 
of analysis have been adopted, as in the case of artificial manures 
feedi|ig# stuffs, tanning ’materials* etc., accurately defined spccia 
methods ftf sam arc-;(flnployed. The necessary information or 
these po*ints is given under the indi^id^al sections. 


l\. TvIatkiuai-s in»Lar(;e Pieces 


• • 

This class includes ,toal, .mctallj.irgical ores, pyrites, pyrolusite 
etc.,Avhich are usually iranspoj;tecJ in ships, canal boats, or in railway 
waggons. I« case uf.w,a^f?r-transport, the,check sampling takes place 
as a rule* at the ^ort^ of* arri^l, during the transfer to the railway 
waggons,*or wljcre Jhc faefor^dV the feuivJry receives the goods at its 
own■la*nding-ptace,*samples *a*f taktii there during the unloading into 
trucks or otliet* transpo;^ vessgls. In other instances the sample is 
fakdn^rf arrival of.tlfe trajn*at*tRc work.s, either before or during the 
unldading'of the majerial,* In all tTi'esc "cases the sampling can be 
■ advantageously combined with *he weighings The<taking of samples 
fi<om a lar^ heap of coarse material already unloaded is always a 
•’very uncertain pruceefure, and should be avoided whenever possible. 
Agart from tli5 genial difficulties which unavoidably occur in the 
conditions of saiflpling mc'ntioncd above, two<additional difficulties arise 
in fhe'la.^ case; on the one hhnd, chan^e.'iin the amount of moisture 
may^ocfur*owing to ev^iporatlbn, showers otrain, downward percolation 
•oJ'moisture, etc., 3nd,scco«(fly,/he lirger pieces are apt to roll forwards, 
and th^s make the rrwws still less Ifofnogenaous than bcfone. 

1 *he larger and the ks%unifolm [Kt pieces of 4 ie material in question 
are, the larger miTst'jje th« samples taken. ’It is most important to 
^ture a*tlue gatio between the ia(gcj pieces and the finer powda-, which 
is prar^f^all}^ alTvays present, sinc^ there is often an essential difference 


m quality betw 0 enit(}tf two. , * , • 

If the pfeps do not exceed ji biHiard ball in^iie^and aro roughly of 
the samff dfmensions, it i? suTlfticntV^ take a ^mple from each unit- 
load'^ bj; means Of a scoop«of about 5 kilos (l 3 ]bs.) cajJacity. If the 


^ This term ilesignutes the load raised by a crane, carried by a truck, qj any other conveyance, 
by roean»df wMleh the material is tra)»sportcd^ffom*the bold of the^hip, etc., to the weighing 
machine, or to the laffding-flac#. * • “ 
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material is iir larger pieces, and especially if not uniform in size, it is 
preferable to empty a whole unit-load at intervals, e.g., the tenth or 
twentieth load on the weighing machine, on to a separate place, from 
which the whole avefage sample is collected. Jhe greatest possible 
care must be taken, in sampling by this method, to have the ratio 
between coarse and fine material represented^ as accurately as possible 
in the average sample. ' ^ 

The average sample thus obtained is first crushed' to pieces about 
the size of a walnut, eithtr by hand or by means of a mechanical 
arrangement such as studded rolleVs, care being taken to breach down 
the whole of the coarsc_ pieces, even tho'igh it 'njay be troublesome 
to do so. The roughly broben^ma^terial is then thoroughly m'lxed by 
repeated scooping backwards and forwards; and is then' spread out in 
a flat heap and a smaller sampJt taken, 'i'liis iS| best efiected by 
cutting two stripes cros.sing each other af^ right angler out of the 
whole heap, and adding to this four s,mailer quantities takpn from the 
middle of each remaining,^quadrant. , ' ' ' 

An alternative method,is to pladc the ii'taterial on H tiled floor, 
spread it out in a circle, and then, .stS,';Ung‘ frftm the circumference, 
shovel it towards the ccntrcunl'il it isi^iaped up,ir a c»ne. 'The cone 
is then broken up, the m.iterial agaiii spread out and” the operation 
repeated. After three such mixings the eve^v'y spread mass is divjded 
into four quadrants, and twej opppsirf' quadrants, or one only, Ara tsken 
aside, mixed and again divided. ‘ , 

The weight of^’the s.tmple thus prepared should beat least 10-12 
kilos cwt.); if the material is very uneven in^size, considerably moi'e 
must be taken and special attention must be paid to the precautiqn.s 
described above for obtaining a true average sample. In such case= it 
is often necessary to repe^it the above operation by .scoopitijj the first 
large sample together in a co.nical heap, spreadingpt out flat again, and 
then cutting two stripes intersecting at right angle.s, and adding'" further 
material from the'quadrant.s as above. • “ . " ^ 

Several nrechanical samplers hav^ been constATcted in order to make 
this operation simplcr.and more reViable, such as the “ rapid sampleh ” of 
P. Clarkson* (I'lg. i). The principle of the inpchinc is to'cut out a 
numbeh of sections of thb material a.s if passes through ,*hc Apparatus 
in ^n annular rotating stream ; the relative amounts can lie r-"gulated 
at discretion. This machine can be employed, to, liquids, powder?, 
and for substance;^ <•' grains or in, large fraj^rments. It js also very 
suitable for uniformly distributflVg a .s'Ainple into bottles. “ 

The reduced sample thu? obtained is then furthe'r broken' up. A 
mechanical arrangement nfJy also be enfployed i't this stage, but only 
when it is so arranged, that it'cah be thoroughly cleaned .after every 

1 - fyii description,*seo;/. Sec. Chem. Imi., 5894.13, 214. 

’ c 
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operation. The m’ore common practice is to effect -the grinding 
by hand, usually jn a large irori mortar. This, however, is not the 
best method, beciuse it is not very easy to remove the powder com¬ 
pletely from the mortar withoift loss, and the unifotmity of the sample 
is thus adversely affected; also, some of the substance may easily 
remain behind, unnoticed in the mortar and cont^inate the next 
sample. (For arrangements for grinding, cf. p. 12.) 

To overcome* the disadvantages of an ordinary mortar, a flat cast- 
iron plate, specially constructed for the purpose, O'8-i metre square, 
with^,<vertical r^m 5-10'cm. liigH, inter, 
rupted at»one pdiry: *in oijcjbr to allow of 
the ‘pov^der being easily run out, m*y be 
substituted; these plates Should l?c /0-25 
mm. thich, and sojidly Mbedded in«j hori¬ 
zontal positiiui to, prevent? breakage. The 
sample, prc^viou.'Sly redn,ced to ^^icejs not 
larger than wahiuts, ist further b|oken up 
oq the plate nvit<li a slsdg^-liammtr, shaker), 
from timc’to time flirc^rgh^ syve of 3 mm. 
mesh, ari^i thc^ resitkial co*ars 9 Jrowder* ro- 
peatedly grpufld up.until it* l»«.s> all passed ^ 
through the .sieve. In^is w.ay complete 
clca»line*!s can bo ^bservcTl svfth much 
greater certainty in the use of a 

■ mortar. • • 

« 

^ ' The 10^2 kilos (Lewt.) thus obtained 
is^then snread out flat, and a further decreased sample of 1-2 kilos 
(2,to 4 lbs.) pfeparcA from it by thorough mi.xing and removal of 
intersecting stripes, etc., in the same way as •before. This is subjected 
to h ftirtfler mincing, and the s'eparate sr^nvples for analysis are then 
taken Tro^ifi it, preferably aS follows. Three, fou», or more widc- 
* mouthed sampIe*boUlcs heading idb-zooc.c. are plac'ed close together 
on a .s]jcet of paper-; •a hancTfuI of iTie sample is taken,«nd the hand 
mo^ed over the bottlc.s iit succcssjdb, so that .yrme of the substance 
falls into ^ach. Thn^ is ncpcated until the* bottles* are quite filled. 
IfAnipulatiottby hand is mori^ tcli^able than the use of a smaM scoop, 
etc.; Mft^h tfie latter the^coarser,»particles afways roll forward, so that 
Rto largj a propoitipji is dehvqre^ into tjic foremoSt bottles. 

When tlij bottles are full Ijiey^are closed ilnBjdiatelywith tight- 
fittii^ c«rk.*, whicfi are ci 5 t off^trai^ttr above tfce necks of the bottles 
and carefully scalfed. Wtiei» control samples are tpken, tHh seals of both 
parties* are affixed in such » way .that tllP cork cannot be removed 
withou.Uinjuijing the seals. ^ *• , * , * 

The powdering, piling, anti filling, tif the bottle’s should be carried 
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out as quickly as possible, to prevent evaporation of water from 
moist products; or; conversely, to prevent the absorption of moisture 
(under special circumstances of.oxygen or of carbon dioxide also) from 
the atmosphere. , . ! .• 

The analyst, on receiving the sealed bottles, notes the seal, which 
must of course be-’intact, and the affixed labelj opens thq bottles, shakes 
out the contents on to glazed paper, and njixes the sample quickly. 
If the moisture is to be estimatfd, a suffl’cientJy larjfe sample, up to 
too g., is taken for this purpose without further grinding. The remainder 
is ground up until the whole pasAs througTr a sievf of i mi% ipesh. 
Porcelain or steel mortaj-s are used for tHfei-grindiqg| according to the. 
hardness of the substance. T'he Ibrijaer would not be suitable for pyrites, 
for example, because they are attacked to some extent by substances of 
this degree of hardness, and th^tsample mi^rit«be|Contamihated; «n 
the other.hand, iron ve.ssels should not be u 5 ed for i;cduci«g pyrulusite 
to a fine powder, because some Bietayio iron,might thus fnd its* way 
into the sample. , « • * • 

Finally, a few grams o£ the substance v^ich has paSsed through 
the I mm. sieve arc taken, after a furtben.UiCM'tiujIli mixing, and reduced 
by means of an agate morter "to the*cft5yec of .ikienofs req*uisite for 
analysis; in special casewJi stcql mSrta.r may be employed., • 

Since some change in the amount d mois^ire is almost unavoidable 
during the fina^ grinding, the fijjal ^ampTe js eitiior dried iji^i flrying 
oven or exsiccator, and then weighed out in ‘tlie dry conditior! for 
analysis, or the mdisture ts determined’separajely'in another sample and 
the results calculated on the dried substance, "^he actual ;}Ercentage 6f^ 
moisture in the sample is taken from the determination m^de w^th 
the coarsely powdered substance as above, ami not fmtri this Ijst 
determination. ' 


B. M.vterjai.s in THK EOIWI C^- HOJiU'KR^ IJross, ktc. 

*t • • * • 

This class includes ore# in the form of smafN or slimes, qijmmon 
salt, potassium salts, gfc., as well 5 ,smany oUiei» inorganic and organic 
materials. A simplified Tnethod of^sampling cagi usually be*cmploycd 
for such products, samjHp beinj^ tajA;n frojn .caq)i “^it-Jbad” By 
m^ans of a scoop of about I kilo (i capacity ; in a raift\ aj^waggon 
load, several samfiles from <liffercn/ parts, e.^., ibe’fiunt' micldle, anfl 
back, are taken. Xhe separate saqjplc^^are placed togct,Jicr in a cask 
and covered over. Aitcr the sJfmplintf is finished, tlie contents of the 
cask are empfied out .on a leyal, cle^n, hard* surface, sjiread oubflat, and 
the mass scooped togethhh into b conft in th# centre by \ 9 (ft'king 
regularly round the heap wjth b Spbde; the heap is agaij> 5 p»ead out 
flat and a sample of about j qadiier of tlte massitaken By removing two 
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MATER^ALS^IN FORM OF POWDER, ETC. 

intersecting stripes* with ths scoop, and adding to this some material 
from the middle of each of the remaining quadrants. ‘ This operation is 
repeated with, the sample thus obtained, until finally not more than 
2 kilos (4 lbs.) is left,»,which, after being well mixed, is divided among 
the sample bottles required for analysis, as described. 

For materials which are loaded in loose condition, e.g., in ships’ holds, 
railway waggons, or carts, it is better to employ an a 74 ger, especially 
if the samples Have to be taken froip stores or from casks, boxes, or 
sacks. In the latter a sample is taken from every fifth, tenth, or 
twenii|*h cask 0% sack, according the size of the consignment and 
the probafcility of ipe^jualijyfin the material; it is to be borne in mind, 
how^sver, that, owing to the action of the aTr (or possibly 
owing to deceitful manipulation!), fire condition of the 
OBtside aTid si^eijficitl ‘portions of •(Jie material may differ 
more* or lese frop that Vif the .interior. It is, therefore, . 
always mo^e reliable to. use thC'auger. 

The usual farm of this iiiitrument is shown in Fig. 2. 

It consists of a»long bo^ 5 r'of’stcfut sheet-ijon, with a hollow 
interior and a longit^ditial sj^t on one side, provided with 
a handle* a at,the tipper e’ncTj^pd witbthe lower end beaten 
out to a shaj-p Voint./.'. ^* * * , ^ 

The use of'the augerj^nderait possible to obtain a sample 
throughSut the whole?layef of auflbtance. If a sample is to 
be taken from sack^ Vr, casks, the instrument is used only 
once for each vessel* but if, on the other hand, it^s to be 
^ taken from>i large heijp stored in a warehouse or the like, 
tly: aug^r should be inserted in from six to twelve different 
places accordin*g to 4 he size of the heap. Care must be 
taken to turn llle instrument on its axis wl-jen it is lowered 
intb the Reaps, fasks, etc,, for drawing the .sample, 

TIik simple form of the Auger has several defests. For 
example, in the .?ampling»oT sa*gar It Js quite satisfactory for the purer 
primafy products and'even fc?r wclf-s'eparatad secondary products, but it 
is n*( 5 t reliable for moist, sy'rupy’caiye'sugar, becayse the column of sugar, 
on being ftJrawn dut’ys apt to break off at the lower’end of the auger. 
Cbnseqitentl^ according as the, sack is ercilt or inclined, th® sample 
may* i^res^nf either ^le moijtest part of the contents containing 
tno.st s)frug,>or"tl>e .tje.st-draine^ ‘portion.. Again, hi taking samples 
of granulated or crystal sugar, jt often happen.s* tly^t none nf the sugar 
remeins* in \he sampler. *•*,»* , 

the. auger designed by Gawalow^ki' avoids thoie drawbacks. 
This (^ig. 3) consists of ^ metal .sheath 'which has a metal bearing 
suitably Sc^dcred to it at and*in yvhich slides a*quadrangular or 

“ '^tOesl. Zei}, Zuckerin^.*, l8S8. Part V. 
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triangular sted rod.provided with a handle \'C). The valve at the lower 
end of the sampler' is movable by means of a hinge, in such a way that 
in position Dj it allows the subst^ance to be sampled to'enfer from below 
upwards, whjist in position D it prevents 
the ^sample from falling out of A. When 
the auger is pushed into the material, the 
rod C slides sideways in such a way that 
the fliip is fixed in position Dj, and on 
•withdrawing it the rod C releases the flap 
and tho*jatter is closed by the preijufe of 
the substance fticthe ^afk'on thai attached 
flangi. ^ * * 

Gawalowski’i! auger vvork.s»automatically, 
and samples of inatc*ial|,can theVeforc be 
taken quickly arid safely; it»is made of 
copper, or other .suitable metal., 

In whpteyer way the separate samiplcs 
®iay have*been {alter), thcyshftuld first be 
emptied intc^a bpJr, efr, in the case of alter¬ 
able "substaliAs, into a Jarg^.bottfe, which 
must l3e'ke;){»enrked betweerf cajch acfdition. 
The whole contei5t,s of the vessel arc then 
thrown oit‘ont(^ a l^rge sheet eft' paper, 
tliordughly mixed, .art'y,lumps that ma^ be 
present crushed with K spatula, and then, if ' 
the quantity is too Ijrgc, a smafler averagt 
sample taken, as described abov^. T^ic 
samples arc then pL'wi'd in* bottles, corkfd 
' and scaled._ • * 

In the case of substance,s which after quickly in the air", silch'as 
bleaching powder, potassiunj carbonate, elb., the »ainplc bottlJs mus,t be 
kept well closed, alid only opo.ned wficn a ne‘\'*portion^of the sample iS' ‘ 
to be added ; cimilarly, the tnixing'ahd distribution of the sarngjo into 
the bottles must be carried out as ^qickfy as pos.sible. 


A 



C. Li({)Uii's 

The sampling of mobile liquids i.‘i a.vcry simple Opirafion, Taut thaf 
of viscous litjuids, apj^especially of sticky, .syrupy sub,stancp| and pasty 
mixtures, is more difficult. Wl?cn orefinary liquids are contJineS in 
large receptaefes, the differerjt. layer,s very 'often differ in comjJosition. 

If, owing to shaking duifng trarKport,‘or.from*other circums^aVices, 
it can be taken for ,grarvted .that tlfcft contents of each individual, vessel 
are uniform, a small sample js taftan from 'every fifth ten*th, or twentieth 
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cask or carboy, etc., by meSns'of a syphon, or as.otherwise desired, 
and an average sample prepared by mixing and sha’king. The taking 
of samples whgn smaller vessels used f9r transport are being emptied 
into a larger receptacle is very pimply effected, by.pjacing a small flask, 
held by means of a wire (Fig. 4), under the bunghole or stopcock 
of the cask, or the mouth of the jar. 

In large receptacle.s, ^where the* different layers might vary in 
quality, the sample - is taken by mepns of a glass tube of suitable 
length, contracted above and below, the • 
equiiial^t of a pipette, wfiich is grSdually . 
lowered i*to the*lifljid, so JIhat a section 
thro*ugh*thc whole depth of the v^sstfl i.s 
obtained* Ar? iron tube, ’provided Yith 
some kind of valvi^ muy often be emplpyed 
for this ’purpose. , * 

If a samjile of a very, large "C^uantity of 
liquid has to bd taken,* r..;,’-., fijpm, a tan-cistern holding 10,000-15,000 
kilos (10 to f5 tons^, or ^’ofn a larger reservoir holding 100,000-200,000 
kilos (100 to 200 ton^l, five synpling with the glass pipette or long 
iron tube* provided .with a vafViJ at the lewer end must be repeated 
severaf timtss, ’ • ^' * * . 

Gawalowsk*’ has con.'jJJ'uctccta suitable pipette for liquid and semi- 
liquklwsubsjanccs, \\Jiif:h cojis*ist.‘* ^ two iron cylinder^ one inside the 
othdr, closed at thp flower ends, and each having a fairly wide 
longitudinal slit; th^ afc so connected, by "means^of a bayonet-slot, 
^ that the t\>o longitucynal slits can be made to coincide to form a 
single closed hollow cylinder, by a simple rotation. The instrument, 
wljich is sufficiently king to be able to penetrate all the layers of a 
large cask^when’held by the handle at the top, is introduced into the 
liqJid’in'the closed position and then jpened, so that liquid enters 
unifprirr1y*from all levsls ; thh cylinder is then clos»d, withdrawn, and 
‘ t?ie contents deli 9 ere*i inrti a sh’allow yessel. 

Fo[,taking sampiits of liquid ’ntermedfite products *of a working 
process, the specific apparatus is ^ifovided with stopcocks or valves, 
by mcan.s*of whic*h ^mples can be taken tis often* as desired. If, 
hdwever,’an average sample, cSniiisyng of a iiimber of single samples, 
taken .Cpriafinf without a bre,'»k, is desired, so-called “dropping- 
ftottles”’arc tinplayed. These ^r^ large jar.s, holdiiTg about 50 litres, 
into which |he liquid drops .uninterruptedly.* Jlje rate*of flow is 
regi^ateS by means of a \ 7 alve, 3 nd tlWdropping.is controlled by means 
of a gla^s tube httacheS t^ a ru^bber connection, carri^ing a narrow 
rubber* ring inside Jrt th^ t«p, in«which ’a small glass tube drawn 
out to. a finp point is fixed. ^ 
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Satisfactory average samples of effltients an 3 the like can be 
obtained by employing a water-wheel revolving in the liquid, by means 
of which small samples of the Jiquid are continuously tfansferred to a 
reservoir, from which ^the average samplj; is takeijt 

Very concentrated liquids, in the analysis of which possible errors 
in measuring would have a considerable effect, are often not employed 
directly for analysis, but'are firet diluted i, lo, or 20 c.c. to 
100, 200, 500, or 1000 C.C.), and ,an aliquot part of the diluted liquid 
taken. In many' cases, ffowever, it is simpler to measure out such 
liquids with an accurate .pipettt^ e.^., a 'i c.c. pipette gr^uated 
in c.c. ^ V ,■ 

‘ tj* Qasks 

c 

The sampling of gases, either^ final produ'otj, as illuminating gas, 
or by-products of industrial proccs.ses, is d*.scribcd*in‘tl),e sectipn on 
“Technical Gas Analy.sis” (pp. ^230.-224), iind under the individual 
industries concerned. 


II.— GENERAL irrtiii4K/\ OPEKAT^ONS . 

A. Giunding ok SuujT»,’t:!|;.s 

' • ' * ' 1' I * ■' 

The reduction of a large average sa'mpjc'^tq a smaller one'has 
already been disiussed ,■< the grinding; is effected by very diverse ' 
methods, and is carried to very different degree,s of fincnc.fj according 
to the nature of the substance. 

, r ( 

For the coarse powdering of hard substanwis, such as ores a^d 
analogous products, iron mortars holding from 1-20 lifres and upwards 
arc suitable, provided contac^ with iron 'is not disadvantageous ' * 

A good arrangsment for,grinding is shfewn in,Fig. 5. Instead of the 
pestle, there is a heavy almo.st spherical'‘block*, cartied'on a pivot at th"!: ' 
bottom of th»mortar, whiebis mo\/efl round by a'lrandle, and wliich can 
readily be lifted out. , ■' 

For substances which form a fine dusti the iwo'fold evil* of incon- 
venience to the operator! and loss^of,material is^avoided by'n.xing'a 
kind of sack round the rim of the moifar; the,sack is cdntlactgi at the 
top, where it is firmly bound roui^d.the pestlv; this precaution if, 
specially to»be rccon«ndnded for poisonqus substances. „ * 

It is almost always necessaVyf to pkss th'e material in the msrtar 
through a sie<e from time to'time, and to‘po'wder the coars^*reSdue 
separately. " c t. , « • ? 

For very hard ores qnd'^the.lilo, an ore crusher can l^e “employed 
with great advantage, or a set of btpall cast-iron rolls, the ground material 
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being collected in a woodeft box. Malleable particles left behind on 
sieving pulverised ores must be kept apart, and their weight and pro¬ 
portion to the; to'tal weight of the 
sample noted. * 

For grinding small amounts of 
material, the ordinary steel mortar 
is used ; when dust is to be avoided, • 
it is provided v^ith' a brass cover, , 
which is screwed on. 

In ^lace of a steel mortar, a 
^ast-irou ^latc cao *be ^nfployed, 
on which the sample is broken ug 
with a heavy hammer, or aV)iicking 
plate with*a hq^vyibuSking hammer. •» 

(Fig. 15 .)’ • . * . 

Less hajd substances are ustijily • ^ 

powdered in p(?rcelain*or cat^hep- 

\^^arc mortal;‘theM w(j[ial^ give* up some«of their material to harder 
substances. ApparatiV ^^>nst|/^c.ted on the principle of coffee-mills, 
and made eithar of«;^rthcnwaTe*or of^ii'on,*is also used. 

Fn !arge»w( 5 rks wiiere one »fid tRc sijme kwid of substance has often 
to Ijc powdered, mccluuiiSa^ grinding-machines are employed, such as 

' .smal^ball-mills, plain, ribbed, or 
toothed rollers, apparatus similg,r 
to coffet-millsf or small crushers 
with vertical rollers. 

The breaking up of tough 
substances and of exceptionally 
irrcgultir materiaks often requires 
■spegad apparatus; these are de¬ 
scribed in the *respective sections, 
, but* it may b& mentioned that 
cuttiflg-machincs working on the 
lines of a .hay or straw chopper, 
, coffee-ifiilks, toothed crushers, and 
the like, ma^’ ,,often .beaadapt&il* for this puyljose. 

All^lorms of grindiag appa.rfltus should be accessible in all their 
parts for tlpfou'gh’ ctoning, and should be»cleaned regularly. 

ReductiM to rt.fine powder, for analy^sis is effected, i'l agate, porcelain, 
or sleelmortars, accordi,iig to flie n^pre of the- substance, and is, as a 
rule, combined with rubbing (“ bagging”.) through silk ga'uze. 
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, t, 

; B. Weighing 

A laboratory balance when ^adjusted should give I'ea^ings to within 
o-l mg.; the more dejicate assay balances are subsequently discussed. 
The principles of weighing, calibration of weights, etc., are described in 
the ordinary text-books on analytical chemistry. Rough balances, 
usually without a glass case, arc used for weighing out large amounts of 
substance. For many purposes, an intermediate quUlity of balance, 
reading to i mg.', and provided with a glass case, is very convenient, 
particularly for weighing out fairl^ large quantities materiaj, v'hich 

are then di.ssolved and made up to a clS:£inite'vpli'mc, ofr which an 
• . ' ( ' 
aliquot part is taken for the analysi^. 

For less accurate work, druggist’s haiKLkcalcs, with horn .soalc pans 
suspended by silk cords, are very*useful, the'’s'ul»6tapce being weighed 
directly into the scale pan. A handy form df this b,alanc» i.s .shcr.vn in 

Fig. 7. One arm is graduated in 
,ioci divisions and' provided with a 
sliding'weight, so'th!.t from hu,n- 
d:\dths'of *a gram up lo i gram 
cln*-De weighed out,direcI.ly, whilst 
' larger quantities afe .balanced by 
oudinarjip, weights 'placed in the 
^soale'pan. ' . • , < 

These hand-scales are ustially 
only employed for loads up to ' 
30 g. and,to an accRracy of lo 
mg.; they are also made, to carry ‘ 
100 g. and tver. ' ^ 

For calibrating litre flacks, and for many other puritoscs, a balance is 
required which can be loaded up to 2‘kilos and turn.^ with 50 mg.*; it 
can be used for ma«y other analytical purl:^esc.s algo', c,f.,in tho'e.sWmation 
of moisture in coal, coke, salt., etc., \Vheri ido*g. 01; mdre of substance 'is' 
weighed out.. No matter what kind bf bafance is ■employed, fhe g.reatest 
possible rapidity in weighing is alw.avs'to be,aitned at; the necessarily 
numerous daily analyses cannot possibly be. madp'iffive or ttn minutes 
are taken up for each weighing. ^ ,, c _ _ ^ "• 

Many simple artifices are acc9fdingly pised. Ib Vcigjiing on 
.sensitive balances, crucible^, watchj'gl^sses, bca|<prfi, etCf, tht weight 
of which K known«to'i-2 mg., arc us,cd, and this wei^'h'c is written 
either on the glass ifself, or tW vesstls art marked with succossiye 
numbers, and' a note of the 'weights corruspbnding do the ipdiv*idual 
numbers recorded. In thc-weighing of plajtinum crucibles, etc*, which 
are in frequent ifse^ the actual weiglfmg is really only a chepk; ioyolving 
a correction of the weight with.'n,the limits of a few; mg» 
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If one and the Same vessel us very frequently used in weighing, it is 
very convenient to cut a tare for it out of copper, nickel, or aluminium 
foil, which is placed in the other scale pan. With suitable precautions 
this procedure, which, saves m»ich time, may be employed in weighing 
platinum crucibles for*gravimcfric analysis. 

In works’ laboratories it is exceedin'gly conveniertt to have a single 
weight, made of aluminium, lead or. nickel *foil, and adjusted by filirig 
down, as the tafe for any*very frequently occurring quantities, and 
on which the required weight is clearly marl«d. 

TJie,weighing^out of Exactly 0*5, l, 2, 10, 20, 50 g., etc., has the 

advantSg% that rtie »nalyt,i(}il results are easily calculated to percent¬ 
age*; tITis method can be much recoirwneqdcJ, and has been generally 
introduced in works’ laborat^iries. •’ 

Anotlier very jisefcil* ffiethod of *vcighing which is often employed 
in teahrtical laboratories is to weigh out such an arrtount of substance 
(or, in certain circumstances, a amltipk of the amount) that the number 
of c.c. of volumetric solution i^ed, or, in gas volumetric analysis, the 
vqlume of ges jsvolved, percentage value either without any 

calculatioiT or by simplf m^'ntal multiplication or division. For 
example,*in thg analysis of breathing pow,der the “available” chlorine 
is reqifircd Penot*s.*arsenidhi^icid»sblution j^madc up to correspond 
to o-J g. molecftlcs, or 3 ' 5 J {6 g. cjilorine per litre, or 0003545 g. per c.c. 
Conlcguently, 20x5 ^546 g. bleaching powder are dissolved 

in a*litre, and 50 c.c.W O'3^46 g. tak'en fof a titration; then each c.c. 

• of the solution indicates i per .cent, of available rialorinc. For the 
estimation i«f calcium carbonate in a sample of limestone by measure- 

*ment of^the evolved ^as, since l c.c. carbon dioxide at 0° and 760 
m^. weighs 1-^768 »mg., this corresponds to 4 497 mg. calcium 
carbonate; acc8isJingIy 0-2248 g. of the limestone is weighed out, so 
thaf each c.c. of^carbon dioxid^bbtained corresponds to 2 per cent, of 
calciunT.ca»bonate in '11^0 sample. , 

• ; fhe (forrectii^i <^1 w*ifhiiigs for tin; buoyanc)4 of the air can 
be negj^icted in genesal tccfinical* work, the errors Involved are 
inaptjsrcciable in their,rqjation* td^ Hie methods of experiment and 
manipulatfon empfojfo^d. 

C. Sf)LUT!()!?’, Evaporation , 

^ * . • . . # 

The sub^ance can often Jjp weighed dircftlj^into tha vessel in 
wljic*i it* is*to be* dissolved; this Aifes time, anJ avoids the possi¬ 
bility of, loss dvfting transference from’ the weighing foottle to the 
vessef Smployed for •the ^plution. .It i.s,‘1iewever, very important to 
select a.vfisppl that completejy fulfW Us purpose, ev 5 n if such direct 
weighing is th^eby. pi^vented. •- 
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, f 

« 

The vessels chosen should in almost all ca§es be adapted for 
heating; if this is the, only consideration, beakers, porcelain basins, 
etc., suffice, but if there is any risk of loss from' spirting, suitable 
, precautions are necefisary. The employment of very 
large basins or beakers as a means of avoiding loss 
from this ‘cause is deceptive, and leads in other 
respects to both inconvenience and 
inaccuracy. Such operations should 
be ca^■ied out in narrow beakers 
or in lurlenme^-er flasks,‘which a^e 
kept covered during <,the prucesu, 
either by vclock - glasses bored 
through th'i middle, oi by funnels , 
cut off at tlja. neck (Fig.'S); a^id 
which are subsequently washed * 
both inside ,and Butsidc with a 
few drops of wat'e^ „ ■ 

When there is not mu^h liquid tfr eVapbfite, off, tbe rvaporatioij is 
best carried out in the vessel used for s^jliitipn, especially whfen previous 
filtration is not necessary, qnd«a prec'ipi'fatlon, etc,, is tp be effected in 
the same vessel. Witlijarger aiViountiV'f liquid,'.aftd cspgciall^ if con¬ 
centration at the boiling-point is too |rapid,<vc.sscls with a large surface 
area, such as b^asins, arc employed^ cove'fcd preferably by a<fi\nvel of 
the form shown in Fig. 9* '' ' <* ' ‘ 




U. I’RECii'iT.tTioN, Filtration, ano Wa.shing of Freccpitates 

Regarding precipitation, there is little to add to wha't is known from 
general analysis. In works) laboratories it is usual, ,iik 1 quite*Tightly 
so, not to be so scrupulous,about the lortg standing after [frculpitation 
and before filtration a,s is •uftei^ fcustA.naVy in .scichtific laboratori'es,' 
Accurate investigations led long to the conclusion that ev^n where 
formerly it was reconjmended to'affow' a precipitate to stand twefve to 
twenty-four hours, quit? as good results are ofilailiied if the liquid is 
allowed to clear, which it does after, fwm half an hour, to fwo holTrs, 
and then filtered immediately. For, instancf, in the cleftirmyiafion of 
pliosphoric acid by molybdic acid, ijji (he precipifi^tion'of^sulphuric acid 
by barium.chloride^aiiU even in the precipitation of phos^phoric acid by 
magnesia mixture, etc., proloAgid standing* is unnecessary if dafinite 
conditions art; observed; in', the precipitation of sulphuric,‘aefd, for 
example, the solution mtisf be kept bailipg bAskly, and th? barium 
chloride added* hot, without inteij-upting the boiling, ig.'oivier that 
the precipitate may form in t<granulai* condition. In other cases the 
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solution must be continually stirred during precipitation; this is now 
much facilitated by the use of mechanical stirrers. 

It is very convenient to prepare reagents in solutions of definite 
strength, as it exped^es the '►ork very greatly jf jt is known before¬ 
hand how much of a solution is required for a precipitation or any 
other reaction. It is naturally very important not to add too small 
an amount of the precipitant, but an excess may also be deleterious if 
the reagent is (ferried down by the precipitate (as is the case with 
barium chloride in presence of barium sulphate), or if the latter is soluble 
in an,e:*:ess of th^ former,*ctc, This is avoided by the use of solutions 
of kno^n%strengfli, atid bv JlUvays taking the same or approximately 
the Sami weight of substance for an^alysjs-;, a definite, measured volume 
of the rejgeht,*5ufficiont forVomplete fIVecipitation but not very greatly 
in excess,»is addeij. Jn*fliis way a e;ngle control test suffices, instead 
of having possibly to maktfa numtjer of check tests. 

To avoid the filtration and .wailing of a precipitate, when the 
filtrate only is required, for fu^te^r investigation, a method frequently 
a(^optcd in technical latxJi-Atofici^ consists yr making up the liquid to 
^ certain Volume a^d "ivitfl^draiyng an aliquot part with a pipette, or, 
as an allftrnalWe, flouring’it>tlfrough iry filter paper. This plan 
cxpcflitcs tl;e fe'orfv .very m^ici,'but *it is to be borne in mind that 
a certain errorferi.ses, owijjg to Qie volume occupied by the precipitate, 
whieja^mwst be taljeTi into‘iccciAit in accurate work, and also that 
more of fhc soluble Vconsfituents is'■freq*ucntly retained, owing to 
• adsorption, etc., than •corresponds to the interstices ef the precipitate. 
Further, tht filter paper may remove certain constituents from the 
•’liquid b;^ adsorption ; m such cases filtration must be omitted, and the 
clear liquid separated*from the precipitate by careful decantation. If 
the solution is’acted upon by the air, it ms.st be withdrawn directly 
from the graduated flask contaiiVing the precipitate. 

Thi?,Tu«nel.s selected for filtration must tip of the right angle (6o°), so 
•tBat’the ffiter pajjtr qpn be Ttcc/rately fitted, otherwise the liquid passes 
through to(T slowly; filter pajibrs sHcfuld beiof close texture, and allow 
of rapid filtration, Foj a^alytiJal’yiftposes, cut ^Iter papers rendered 
ash-free bj»treatmt*nf^vith tydrocliloric and hydrofluofic acids are now 
a*Riost tkxclujively employedple’ated filtej papers are noh to be 
recoiflrqpv''i(*l, %ven for’technicaj,laboratories, on account of the very 
great difficulty .in, washing tlieirf out, except wheTi no washing’is 
necessary, ift, if the liquid l^as been made te> a defirbte volume 
anjf,an •aliquot [fert of •the ciear Soitition is to be employed for 
analj^isv . * ' • 

Filter pumps are \»ot gcinetally used in^tachnical laboratories except 
when the pjj^ecipitates are particulyjly,difficult to d4al with; this is 
because a large# nurnbep of fiJtration^«jre usually* carried on simul- 
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« 

* . * • * 

III.—VOLUMETRIC ANALYSIS' 

« « 

Volumetric anjljjsis includes “titijrtion analysis” or volumetric 
analysis in the restricted sense, which consists in the application of 
standard solutions to the analysis of liquid and solid substances, 
gas-volumetric analysis, wTiich consists in the valuation of a liquid or 
solid by the measurement of an ^evolved gas, and-gas* analysis. These 
three branches of volumctfic analysis are all very extensively employed 
both for scientific as well as for technical wdrk. M^iy of the^m^thods 
are equally serviceable for both purpo&s^ whilst ithers Jir/e been 
specially worked out for technical^ analysis. The latter are ^lescribeS 
in connection with the respective industries; a special saction ^ devoted 
to technical gas analysis. ‘ ' * 

*a * 

The Calibration and StatidardjSation of apparatus used 

in volumetris arialysis.* ’ 

• * • •• 

In all branches of volutnetric anal;^sis it,fs,of ^rrimary importance 
that the vessels employed shoqld be 3 /:ciJra£ely graduated. , 

The calibration of^volumetric. a[::tMratus ustdi in Jihe analysis of 
products which are bought or* sold should pii no accounf be omitted; 
less accurate apparatus suffices fjr ’uso Tfl tlyj control o^ working 
processes, but this should at. least be si 3 bm^tc 3 to a <!omf)k*ativc 
standardisation y not actually calibrated. Appftratus for volumetric, 
analysis can now be bought which has been tested and^ stamped by 
the National Physical Laboratory or by the Buhiau of Standards of th^. 
Department of Commerce, Washington. * 

The conceptions as ^o what is to be undcnstooc^ hy standardised 
vessels and what is to be required of them arc very varied, and in ^ome 
respects obscure. ^ *• ^ ‘ • 

In the first p|;ice, the ufiU taken as. a lia^is’for tfec stanJardisatitui, 
must be clearly defined. J^'rom'l^if scicKtific st^iTidpoint tlae litre is tfie 
space which one kilo of water, jve«ghcd in a vacuum, occupW., gt its 
maximum density and, under staiMard pressuse.. Origii^lly it was . 
intended that a kilogra^ .should Ue t|;ic mass’of looo c.c. o^&wateig^t 
the temperature of its •maximuifi Jinsity, and aecoscflqgly th<i litre 
vaauld have beerwiooo c.c. in volume. ' The nfost recent deterr^inations 
have shown that this .is not the cfi.se* and that*6ne l'itrf,<is defined,*is 
equivalent to loocjoey c.c. Thejp is flitrefiire a v^ry slityit difference 
between the f.c. and the thousandth part o]' aalitre ; this is, however* so 
small that it is negligible fpv Iiearl^ all purposes.^ 

* For the history of sul^ect, ^ L*L.. 1 | Koninck, IJislori]ue de la mc^oie l^yrimHrvjur, 
published by flavrez, Brussels, igoi^.and, Bull. *■/£ I'Anoc* Btlge ^ Chimisles^ 1901, 15, 
November and Decg^nbcr. 
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Since the maximum density of water corresponds to *a temperature 
of 4°, calibrations must either be always carried out at this temperature, 
which is natur^lly'not practicable, or at % suitable higher temperature to 
be definitely determingd, the corrections to be rr>ade being ascertained 
either by calculation or from tables. This is essential in order to 
ascertain the value of the “ true litre ” and its subdivisions, regard being 
had to the temperature of the water dnd the buoyancy of the air, which 
depends on the temperature,’the pressure, and the degree of moisture 
present. In order to avoid the calcinations necessitated by the employ- 
ment*of»the true Jitre, Mo'hr, as early as 1855, introduced as the unit 
the volumfc which* 1000 g. pf?water occupies when weighed in air with 
brasS weights at 14° R. = i7°-5 C. ThiS.value is called “ Mohr’s litre; 
it is equivalent* to 1002-^ tr>ie c.c., ancf one true litre is equivalent to 
9977 “ MoTir’sc.c.*at % pressure of 76® mm. 

Tire clesif^iatioTj is also Extended to the use of other temperatures 
(15°, 20°, oj higher). In verffi^atiotis undertaken at the National 
Physical Laboratory tin* Mohr'/litre is referred to weighings in air at 
the standard*tcmpc^rattirj of the t'c.ssel, under a pressure of 760 mm., 
having a mean content‘jpf'moistlire and carbon dioxide. The density 
of the brass weights^^ijcd is'taUfenlas 8'^.* On this basis, for a standard 
temperature of* 15° <t., the vc.^*me’ ccvrosponding with 1000 g. is 
iooi-qSo c.c. ' • • 

Ilf jdetv^of the necessary corrections for,temperature and pressure, 
the advantages whicl\ IJjtohr and his successors claimed for the choice of 
’an alternative to the trfle litre disappear. The use of taffies (p. 33) cannot 
be avoided, lAid the true litre in conjunction with tables (pp. 23 to 24) 
*is, yieref«|re, just as easily employed. It is, accordingly, very desirable 
' that, the word “h'trc” »ind its subdivisions should be restricted to the 
true (metric) lifrC, and that all chemical medsuring vessels should be 
basefi upon it. The tables given below caij gLso, of course, be used to 
determine Hie deviatioi^ of vessels graduati*:! on Meffir’s system from 
trie litre measured! »**•*,• ‘ 

The^libration of measuring flasCs* should*always be carded out with 
the sSine kind of liquid as iliat witlj jvfiich they ax to be filled when in 
use, so that*the conSitijns ot wetting, the meniscus correction, etc., are 
siiffilar; apparatus Jo be used w}t]i.mgrcury shjftjld always be calibrated 
with mcfcury* wTiilst bur^tes, pipettes, and measuring flasks are calj- 
bmted with wpter, 'which does uo^ differ asscntially *n its behaviour 
from the very dilute volumejric solutions generjiyy used* in these 
vesjek. * * * * • *. •* 

To aipid all the errors Inentioped ajove, the only means is the 
employnlent of the tftie lifre* as already Stated, this is the volume 
which l.Jiho.of water at 4° ocfupies,under standard .pressure, If this 
space is to be naarked off, c.,?"., bn a fla.ilf.'the position of the mark will 
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depend on the temperature of the flask; The standard temperature to 
which certificates are used by the National Physical Laboratory is 
usually 15° C. ; thus the statenaent that the volume of'a qne-litre flask is 
correct means that.at<a temperature of ^5° the yolume of the contents 
of the flask is the, same as that^of a kilo of water at a temperature of 4°. 
The tables given-below allow the adjustment to be mad.e directly at any 
desired temperature and pressure,' the weights that must be placed on 
the scale pan to effect this being given in each case. • ' 

Two true litre measure's of glas,s, adjusted at different temperatures, 
differ only by the difference in the expansion of glass between* the two 
temperatures, if water of the same temperature has blien use''- i^f testing 
them. Therefore it is only n^-Cessary to calculate the weight'whfch is 
in equilibrium with the weight of water oucupying a true litre measure 
for one normal temperature, e.g., 1 S°. If the temperrture of tiie air does 
not greatly deviate from this, and the heignt of tli,e baromctfer*is not 
very far from 760 mm., mean assumptions may be made for the factors 
which influence the buoyancy of th^jair, pressure, temperature, and 
degree of moisture, and the reductions thus detained maybe combined 
with tho.se due to the temperature of the 'v'atq’r. The values in Table 
I. (p. 23) can then be employed directly in qrder t9 finri how the 
volume of a true litre srliould bp marketl. off on a fla.sk. If, for example, 
the air and the water have a temperat-jre oh 17", the empty flask along 
with a kilogram weight is placed on onq scale pan and,_broug'ht to 
equilibrium by a tare on the other; tfie kiI,ogram weight is then 
removed, and on' the same side (that is, along wi Ji the flask) weights to' 
the amount of 2-208 g. are placed; cqiiilibriuip is then le-established 
by filling the flask with water at 17°, and the volume occupied by,this 
weight of water marked on the neck of the flask.- ,, 

In the case of greatef deviations of the temperature of the air from 
15°, and of the atmosphewr pressure from 760 mm.. Table II. (Jr. iq) is 
used to correct'the values of Table 1 . U,rf.g., the heigfii of the 
barometer is 726 mm., the tt-mpqrature of the ai-:2S', that of the water 
24°.3, the wbight to be added for a'Jitrp is :—■ 

I'romUrablc 1. , . . ... 3564 mg. 

From Tabic II. . . , —92 mg. 

‘ " ‘ ' 3 -;^.mg. 

The weight of tfie volume of water (required to cerresponfl to a true litre 
for the flisk at 13-’ is therefore 1000—3.472 = 966.528 g. ^ 

For any other normal tem^e,nature (/) the'rjiagnitude (t- 15) 0-COCP27 
must be added to the above.j .thus fpr a noftnal tempefrature of 20°'’all the 
values of Table I. must be increased by luoo (20-'-15) 0-000027= 135 mg. 
For a water temperature of 20^, 2^5.99 +135 = 2834 mg, must therefore be 
added. ‘ ' 
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Table II- 

Correction of the values in Table I. in mg. for looo c.c* for atmospheric pressure, 650-790 mm., 
^ and temperature of the air, C. 
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If a different value to the* above be chosen for the mean expansion 
coefficient of glass, then looo («'—0-000027) (^—I5)'tnust be added to 
the values of Tabfe I., a denoting the new coefficient of expansion of 
glass, and t the temper,ature of ^|lie water.' The amount of this correc¬ 
tion is always very small, and is hardly likely to "be employed by the 
chemist in calibrating. • 

The Tables I. and II., pp. 23 .and 24* were calculated by W. 
Schloesser.’ • . . 

The following methods and conditions aro adopted by the National 
Physi|al«Laboratoi^ for the testing !ind calibration of scientific glass- 

ware.2 \\ * ‘ } 

■Phe tests are divided into the two groups t)f Class A Tests which 
are appli(;ablc to the examination of wjssels of the highest accuracy, 
and Class* B Test* foB- t'iJssels inter.ded to possess only commercial 
accuracy^ « • 

In the case of both tests certam conditions are laid down in respect 
to cleaning, construction, inscrip/on and graduation marks of all vessels 
submitted for.verificatitni** * •* 

The gcTieral mefliocJs ^.testing arc as foflows ;— 

(1) Wlien anpar£|,tu.s*is rtcKvod for test,,it is first examined to see 
if the.cd'nditiynS specified an? c^nplivd with, intended for delivery 
through a jet, the time of jjelivcrJ^ is determined. 

Itfjpurtd to be satisfactory*!n tht-se respects, the capacity test is pro¬ 
ceeded with. If the ji|J5)aratIis does not fulfil the above conditions no 
■further examination is made, and the apparatus is.returned to the 
sender. » 

,(2) Im the majority of cases the volumes are determined by weighing 
the, quantity of'’pure, distilled water which the vessel contains (or 
delivers). The'”temperature of the water, the temperature of the sur- 
roufidi?ig air, and the baromctei'Veading arealso noted. On the basis 
of th«^’ ob.servations jthe trae volume of the vesse.l at its standard 
‘‘temperature is calculated, -i ’ ^ 

(3)^y'e.ssels for usow'ith ffiercuiy'are tested with this liquid, using, 
wheh'possible, a rising ijieniscu.s.’' The weight of their mercury content 
is determined, and* thp required volume is deduced from the results 
otfiained’; the temperature of tke, mercury at the time of test and the 
buoyanry effeef of the air^being tg,kcn into account, 

' (4) The adjustment of a waterj’meniscqs to a mark on a vessel 'is 
made so tfiat the lowest point,, of the meniscu's i^Jn the p,lane which 

coptains'the*"mark.'' In this adjustment,(the axis of t)ie vessel should be 

* r ■ , 

» ‘ > 

^ Zsa^getv. Chem.y 1903, ^ 0 , 953, 97J?. and 1*^04 ; C)]^'n. 1909, 25, 509. 

* The authors are indebted to SiV J. E. Petavel, Director of the Nationaj Physical Laboratory, 
Teddingtotr, Mftidlesex, for these data,, A panip?llef‘containing full Retails of the tests, certifi¬ 
cates issued, and changes is puWished by’lhe Lubor^bry. 

I 
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vertical, and the observer's eye placed,in such a position that the front 
and back halves o'f the mark coincide. The meniscus should be shaded 
by folding a strip of black paper round the vessel, the' top edge of which 
should not be more than i mm. below l|fie mark on which the setting is 
to be made. The meniscus so shaded should be viewed against a white 
background. 

(j) In the case of vessels which are intended for use with mercury 
the upper surface of the meniscu,s is brought into-coincidence with the 
mark. The mercury surfjce should be shaded by a strip of black paper 
placed just above the mafk to wtiich the 'menisciij; is to be»se{, and 
viewed against a white background. ^ ' • t ^ 

(6) Vessels calibratfd for delivery and provided with lips', are 

emptied into a glass by gradually inclir.iing them, mtil, jvhen the 
continuous stream of the liquid lj*s ceased, tfidy f.rc (nearly vertical. In 
this position they are allowed to drain for half a tninute,»and'thc lip is • 
then stroked against the glass. , , • 

Flasks intended for delivery are en\iticd in.a similir manner. 

(7) Graduated vessels ye urdinartly tesfell at five points. , 

The following data are included in tl)e dttaited regulations and 

tolerances specified by the Ifibo^ator)’.* . * 

^Class K, TE.s'Tfi 

Flasks. 

t 

(ij In the verification of a flask, the vessel i.s first carefully^cleaned,'' 
and filled with distilled water to a few millimetre above the mark, ^arc 
being taken to avoid wetting the neck above this level,. ’’The surface is 
then adjusted to the mark by removing small quantities of Wateri.\yith a 
fine capillary tubc^ * . < - 

(2) The inner diameter *af the 'nccli at'Eie njark'raust not exce^' 
the values given below:— • '' ^ 
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— 

/ . 1 



Capacity c.c. . 

10' 

25 \ 50 

rlOO 

250 

500 

1000^ 

0 

0 

- ^ 

0 

0 

3000 t 4000 

5000 

Diametet mm. 


8 1 10 


U 

,16 . 


20 ^ 25^ 

sr kl 

4r 


(3) The C/ass A tolerant'cs allowed on flasks dre > , 


Capacity c.c. . 

10 

25 

50 


250 

^00 

loop 

1500 

2000 

3000 

0 

0 

0 

'oOfO 

Tolerance + c.c. 
for content . 

0*008 

O'Oie 

0*03 

’0'06 

i 

0^08 

0-lt, 

0-20 

0*25 

0-35 

0'5 

0*8' 

1-0 

for delivery . 

0-016 

0-03 ' 

0-06 

o-lo 

'0'16 

0*36 

0 40 

0-50 

0-70 

( 

l-o' 

I'-B 

2*0 
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Pipettes. 

(i) The outlet must be of such a size that the tinte occupied by the 
outflow of water, as deflned in paragraph (3) below, conforms with the 
times given in Ae fo]l<;wing tab^:— 


-_ • - 

Capacity c.c. 

2 

• 5 

10 

60 

. 100 

250 

600 

Minimum delivery time allowed ; secs. . 


10 ; 

• 16 

^ 20 

30 

45 

60 

Maximum delivery tibie’ allowed : secs. . 

10 

20 

1 

DO 

1 

40 

60 

90 

120 


(2;^ T!ie time outflow and the drainage time (15 secs.) must be 
marked ^i^all pipette's. Thf actual time of outflow must be within 
the limits given in the preceding p|ragfaph, and also must not differ 
from the Wme etched on 'the pipette by‘more than the amounts given 

in the following taWe * *1 

_* _----•-- 

Mai ked time of outnow : secs. .* . • . ; 

Maximum difference allowed betw^n, tlie 
marked jime, of oui{Jow*atid tlic tcnial 
lime oiitilow Hf sec|. • , . . 

* • * . 

No’HE.—F of.'markad time# oteutflciw* ndt given in the above table, 
the to'lerances'are Ihe'same as fot the nest large! tabulated times. 

(3^ Oijilinary pipey:es Ifte^lafliyed vertically for test, and filled with 
water to a short distanc^ alxT,vc the? mark. \Vater is run out until the 
.meniscus is on the fn&rk and the outflow is then stopped. The drop 
adhering to^the tip is removed by bringing the surfa'ee of some water 
'contained in a beaker-into contact with the tip and then removing it 
wiffiout jerking. . Tlie pipette is then allowed to deliver into a clean 
weighed ve. 5 sel.held sightly inclined so that the tip of the pipette is in 
contact with the side of the vess#-!. The pipette is allowed to drain for 
} min'uto aj^ter outflow has ceased, the tip s^H being in contact with the 
,s^e oTthv vessel^ At IhCj^nd 9! tlie draining time tfie receiving vessel 
is removed from contSet with .the tip,<?f the pipette, thus removing any 
drof^dliering to the outside of Hi^ pjpette. To determine the instant 
at which tlje outflcwice'ase's, the ntitlion of the \i%ter surface down the 
d^very.Jube of the (fipette* is observed, and the delivery time is con- 
siderad^to be Scinipletc when thc/neniscus corsi'es to rest slightlj? above 
the end of the delivery tifbe. minute draining time is countgd 

from this i«)rBent. *' “ ^ 

(^) TheifSTrjj ^ tolerance* allowed on pipettes'Ve;— 


Capa^t^c.c. . 


c 

6 

10' 

* 

20- 

0 

CO 

60 

100 

160 260 

600 

Tolerance + c.c. \ 

for c^n7ntp j- 

O’ooe 

O’Ol 

o-oig 

(0-Q2 

0*026 

0*035 


0*07 0*08 

0-16 

or delivery j 

-_J!_ 

• 


h 1 


1 

1 


30 

60 

90 

'120 

2* 

4 

6 

8 


I 
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* 

* 

Burettes and Graduated Pipettes. 

(1) Enamel-back burettes are not admitted to Class A tests. 

Burettes without taps are also excluded. ' 

(2) The graduat^ portion of graduated pipettes must not exceed 

35 cms. in length. , 

(3) The diameter of tlje outlet must be of such a size that the time 
occupied by the outflow of water from the zero mark to the lowest 
graduation mark conform^ with the C/nss A limits g'iven below. 


Length 

Graduated : cms. 

) 

15 

20 

2.5 

30 

35 

t 40 

45 

' 5o' 

• 66 

60 


t 

70 

75 

Minimum Time of 
Outflow ; secs. 

\ 

) 

30 

40 


'go 

70 


90 

100 


120 

130 

140 

150 

Maximum fime of 
Outflow: secs.* 

1 

1 

60 

SO 

^ ( 

100 

120 

1 10 


i 

ISO 

> 

■700 

220' 

240 

0 

2i^ 

SSO 

300 


Note.—(< 7) For lengths not tabul^ttcd, the times allowed are those 
corresponding to the next-'arger tablilatcd length. , ' ■■ 

(d) The time of outflow of burettes is talcen with the stopcock 
fully open. ' ' \ , , 

(4) The time of outflow must be rriirked on the tubes'of all burettes 
and graduated pipettes. The actual tiipc»^f outflow must be \Yithin 
the limits given in the preceding paragraph, and also mu.st'not'differ 
from the time marked on the instrument by mere than the amounts 
given in the following table:— 


! 

Marked time of outflow ; secs. 1 

1 

50 : 

100 

^150 

^ 20J 

1 

3f0 

Minimum difference allowed between the marked i 
lime of outflow and the actual lime of out¬ 
flow + sech. 

i ^ 

8 1 

i 1 

1 

12 

' IG . 

, 120 


Note.—F or marked tim^s of outflow nOb giveti ih- the alrove fabTb,‘ 
the tolerances are the .same as for the next larger tabulated tiii^s. 

(5) Burettes and graduated pipettes are,''lamped vertically for-test, 
and filled with water to a short distance above tl'le^zcro mark. Water 
is themslowly run out ufitil the menjssus is exactly on^he ifiro m#i^k. 
The drop adhering to the tip is then.pcmoved by bringing* thertif) into 
cbntact with the inside of a glass beaker. T.tie instrument is then 
allowed tp deliver /reeiy, i.e., in the case of burettes, witfi file stopcock 
fully open, into a clean weighicl-vcsscil. It is necessary,'howevar^^ to 
arrest the full flow of liquid iri time tc cbta'in control over,the' final 
movement of the water surface and to bring i 4 he meniscus* to rest 
accurately on the line to be tes^ec|^ The instrument is therpfor^ allowed 
to deliver freely until the watei;_sufl'ace is approximately l cm. from the 
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line to be tested. The rate o*f otitflow is then reduced an'd the motion 
of the water surface brought under control so that an accurate setting 
can be made on.the line in question. Ncv period of waiting for drainage 
is allowed. The drop’^dhcrin^ to the tip after tha setting has been 
made is removed by bringing the sidc^ of the recejving vessel into 

contact with the tip. 

^ , # 

(6) The zero mark is always tal’en as the starting-point of the 

intervals tested. ‘ ^ 

(7) The Class A tolerances allowed on burettes and graduated 

pipettJs Sre :— • 


--T--- 



— 

— 

— 



Total capacity ... 

•4 

|. 10 * 

30 

50 

75 

100 

200 

* ' . \ 

Maximum allowed at any*|yint, and albO 

maximum diffeience*allowed between the^ 

• 

1 






• 







erro^ip ^ anj^two points for cwitent or de¬ 
livery + C.C. . . * . . • ■ • ' . 

O’Ol 

1 _ 

;0-02 

0‘03 

1 0-04 

0-06 

0’03 

0*15 


' Noth. — (a) For capaflitics no^ tabulated, the tolerances are the same 

as khose giver?for thf nexj’larger tabulated qapacity. 

(d) The tolerances apply to Are whole of the graduated portion and 
to any fraction^of iff, Thus,^!or^ exampfe, a 50 c.c. burette may be in 
• error by toot), c.c. at'any point'provided that rtic difference between 
the errors at any two point* tijsted does not exceed 0^04 c.c. 

*• * * * • ‘ • • 

, ,'Grarfuated Cylihders. 

(i) Graduated cyliiVIcrs calibrated for “delivery” Sre not admitted 

Class A te^ts. 

^2) The graduations should bo omitted from the bottom portion of 
the Cylinders for a length corresponding to one-tenth of the nominal 
capacity. Xhu.s, for example, the graduation’s on a 500 c.c. cylinder 
shoufd Commence at the 50 c.c. mark, and boJew this point the cylinder 
shoul^T?& Jpft plain. • * . ^ 

(3) The ^l/ass A toicranccs aflowedton gl'aduatcd cylinders arc :— 

* • • • 


^ - 

■ - 1 
i otal capacity C.C. , , .• 

• 

5 

ja 

' 25 

50 

i 

250 , 

500 

1000 

2000 

R'^imum^rror allowed at aii^point,* 
wid al^o mikimui'y difference i 
all(ftvc|j between ?hc errors at any 
two poiqts foi content + c.c. • . 

• . • * 

* 

■ 

• 

• . 

*Sf)o 

0*10 

/ 

0-15 

• 

1 

0-25 


1-0 

1 

1-5 

2*5, 


* < ■ ' ‘ — V- 

Note. -IkP notes (rr) ^anti (/;), relating to tole^nce on* burettes, 

appjy'jils5 to graduated cj^linders* '' f 


* * • CL'^SS B^Test.s” 

The 'Conditions and methods ofg ffest for this class are, generally 
speaking, identioftl wjth •those for Clas»'A te^ts except that, in some 
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cases, the capacity may be determindd by volumetric methods instead 
of by weighing. 

The tolerances allowed are as follows 

t 

, , Flasks. 


Capacity c.c. 

10 

25 

50 

lOl) 

■250 

500 

1000 

1500 

2000 

3000 

4000 

6000 

Tolerance + c.c. 













for content 

0-02 

0-03 

0-06 

0'10(. 

0-15 

0-25 

0-3 

0-4 

0-6 

0-8 

1-2 

1'5 

for delivery . 

0*04 

O'OC 

1)'12 

0-2 

0-3 

0.0 

0-(i 

0'«. 

1'2 

1’6 * 

, 2(4 

3-0 


'Pipettes, « 


Capacity c.c. 

2 j 

5 

10 20 

,- V ii 

' 30 1 50 

iftb, 

1 1 

150' 

2'*0 

1 500 

Tolerance + c c ) 



! 

' i ■ 





! 

for content V 

0-012 

0-02 

0-03 \1’035 

O’OdS , O'OO , 

'0-08 

j 0-10 

0-12 

' 0-25 

or delivery J , 

1 

K 


1 

, i 

'1 





Burettes and Graduated Pipett,es. , 

Enamel back burettes anti biircties witliout’taps, though excluded 
from Cla.ss A test.s, are admitted to Cla.sc 1? lest'-. 


Total capacity c.c. 

2 

10 *' '30 

r.o 

75 

”* i 

100 ! 200 

Maximum eiror allowed at any noint, and ulvj 
maximum diflcrcnce allowed bctvtcen the 
errors at any two points ± c.c , 

0’015 

0'035 0*05 

0'07 

0-10. 

O-H ',P'25 


Graduated Cylinders. , 

Graduated cylinders calibrated cither for “ content ” or “dei-rycry 
are admitted to'Class B te.s';.s. 


Total capacity c.c. . . 

Maximum error allowed at any point, 
antf also maximum diFerence 
allowed between the errors at any 
two points. , 
for content + c.c. . 

for (fell very + c c. . 


0 


0-06 

0-08 


c 

10 

25 

'^5(1- 

100 

250 

500 

looV 

2000 

* 


r 

, 1 

« 

• 

. • 

••C 

0-10 

0-15 

0-25' 

0-40 

0-8 

« 

• 

1-5 

t- 

2-5 

41) 

o-r 2 

C'20 

0-30 

0-50 

1’O.J 

% 

0 

A 

3-0 

f. 

5-0 


Corresponding tests fpr vessels ior’ gas analysis, vessels with 
auxiliary graduations, specific gravity oottles and tubes anH 'vessels 
for milk analysis are also sp'ecified end verified by The'National 
Physical Laboratory. 
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The methods of verification adopted in the United • States are 
described in Circular No. 9, published by the Bureau of Standards of 
the Department of Commerce, Washington, in 1915 . 

Should it be desirable for sfcme special reason Jo undertake the 
calibration of apparatus, this can be done with sufficient accuracy, 
and within the official limits of error, 6y employing a sufficiently 
stable balance, turning with 0^05 g., foi* vessel? holding up to 500 c.c., 
and an ordinary Analytical balance and a weighing bottle, provided 
with a glass stopper, for smaller v|ssels. The temperature of the 
water clm|iloyed in jalibratidg should be determined with an accurate 


thermom0je% to within *± o-i°. f 

Thfe contents of ordinary pipettes gre»^mptie‘^ at one delivery into 


the weighing b»ttle, those Vf burette? and measuring 
portions of'2-10 c.a a? a ^ime, accc*'^ing to the ac¬ 
curacy <JeSired»; ihe.conditions with regard to delivery 
and the interval allowed for clrainirig as practised at the 
**National Physical Laboratory beii^ observed. If Mohr’s 
systgm is u.sed^ the wcight’ffir the'normal t^impcraturc 
chosen must'be calculatedaccprdii^, to the Table on p. 33. 
For the trift litre thedn-ta giVcIt ofl p. 21 r/ stq. are to be 
.observed,* and ,'fttblc.s,I. and* IIi‘(pff. *2^ and 24) used 
for the ncce.ssary correctioijf. Tje error of the vessel 
' is theri»^iv«n by the.dlfferenc"? beftveen the calculated 
additional weight and^ that actually required? 

• At least two calibrakions should be made, and more 
if there arc large differences in the determination!), and 
irom, the mean of the re.sults a table of corrections is 
drawij up. In the case of measuring flasks and ordinary 
pipettes, it is prfcfcrable to alter the graduation to the 
corredqd position. ' , 

If >-§reAt many caliljrations have to be parried out 
tHe^defay due to wiAlgh^ig nfe?' bafavolclfd by the use of 
standard^nea.suring instrumeifts, altllough t+iis is less 
accurate than direct weigliiiig. Vo’i; this purposg the 
Ostvvald pipAte (Fig. \g) is .usually employed.* These* 


pipettes in 



FlCJ. 12. 


pipStlcs are iii^de ^to ^hold 2 itr,; g.c., according to the degne of 
accuracy required?and are ^csted,as,follows. The pipette is fitted on to 
the»lower end of the Biygttc as shqjviJ the burytte is filletf with water of* 
the normal ternperature, and thcji by opening a*pi'Kh-cock At a the 
pipejjt* is fillefl exacAly up fo the»marl»i^ A weighing bottle is then 
placed Tsei^iw the pipette, flic» pinch-cock' A d opened, and the water 
allowed»t(» flow out until it jusb readies thV mark c, one or preferably 
two minuses jjieing allowed to^elapse/oi; completion^ of the delivery. 
If this interval i^allowe(J, it is ^tnnecesjwy to connect the side tube 

• I - 
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» 

of the pipette with the jet of the. burette, instead of, as is shown 
here, with the rubber, tubing. The mean of three weighings of the 
contents of the pipette, if they agree well among themselves, is taken 
as the standard.. To calibrate the burette ej it is filled with water 
at any desired temperature, which, however, must remain constant 
during the calibration ; then' by opening a, the water is allowed to rise 
to c, and the burette filled to the zero mark. By again opening a, the 
water is allowed to rise exactly to b, 'and a reacTing of the burette 
taken. The water in tile pipettp is next allowed to run out to c by 
opening d, and the pipette again filled up'to the tyark b by tpUning a; 
the position in the burette is again readVoff, an'l so'on iint/1 Jiie burefte 
is empty. An interval of mipute is allowed to elapse beforfc each 
reading in c, b, or c. The mefm of two Aeries of experiments is taken, 
and the actual capacity of eac/f interval o'f'tht burette, corresponding 
to the capacity of the pipette, is thus detdrmined., Ill, fer e.'fample, ther' 
capacity of the pipette deterrainod 'by tfic use of' Table I. has been 
found to be 2-1234 tfue c.c., and ,if''the firsir pipettJ delivery occupies; 

2'20 c.c. in the burette, ei'ch c.c. of tlip burcKei = 1^036 c.c.‘ If 

^ . ^^2-1234 

the reading of the burettc.afttr the Jecbncl de'li.vary is,4.35 b.c,, each c.c. 

* t . « ‘ * e* t 

in this section contains .='1-01,3 c.c., and so on. In this way' 

2-1234 > • 

a correction table or curve for the'.burcftci readings can be donijtcucted. 

Cushman ' mentions an irnprovement on tf\e ,Ostwald pipette which 
Ostwald himself had previously adopted, which consists in graduatin’g 
the upper narrow tube, care being taken that the capacity of the pipette 
from the mark c to about the middle of the upper tube is ^ c.d. 

It is then not necessary to determine the capacity of the pipette by 
a number of accurate 'weighings as above, but onij ‘to find the value 
of the pipette scale with ir„''gard to the burette scale by a few detefmina- 
tions. In calibrating, 2,.c.c. at a timd arc allowed to [lass-n-e.m the , 
burette into thfe pipette, and thp height of fac Ihjuid in the fatter noted ; 
the corrections of the bifrette ca'n' thus Ire caldulated. This falibration 
is of course only relative; if th'c .absolute values of the graduatfdns arc 
required, the capacity of the pipette must.be dintermined id the ordinary 
way.’" Or it may be found by mqking'a few \yeighipgs, trt as "to asefihain 
, up to which of the graduations oft-,the up,ner tube the'pipdtte has to 
be filled so tha't it holds 'exactly ? c,c.; it is stjbsequcntl^y always filled 
up to tills mart* and used for calibrating according,^ to the method 
described above, whereby th^ c'orreefions to be afiplied to the rsa^iings 
of the burette can be found .withoyt mucH calculation. For c'alihrations 
according to the true litre, attention tnuist bO paid to the Uitails on 
p. 21 seq. ' , , - ■ . 

^ J. Amer. Chem. Soc.,'{i:n, 23, 482 ; CJidm. iVews, 190V. 85 v 77 * 
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The temperature of the volumetric solutions should really be always 
the same as that at which the burette was calibrated, and this tempera¬ 
ture should be indicated on the vessels (e.f., * etc.) hTom this 

. *. ' 4 ' 7 - 5 : 

point of view some prefer the calibration to be made at I7°'5 or 20°, 
because these temperatures approximate rnore to the average laboratory 
temperature. Small deviations from the normal temperature can be 
overlooked, as theif effect falls-within the limits of experimental error, 
but a considerable error is introducetj by working at a'temperature of 
say 8'’to»io° or evfn lowcf, as often happens in works’laboratories 
in^winter,tpiv on thb other ha 9 d, when the temperature rises to 25 ’or 
more tn summer, as may occur ii'^ Uif best laboratories. Under 
such circumstanoes if the tcAnperature* differs from the normal by 
more than z\ the necessary’corrcctiont^iirc imperative, In most cases 
'•these corrections, may be maTlc with .sufficient accuracy on the basis of 
the expansion^ of distilled water ,• if greater accuracy is required, the 
1 tables drawn up by A. Schulze ‘ for ^ number of normal solutions may 
be q^cd. P’or correcting rttiSings when the Jenipcrature of the water 
exceeds 15"* use may be? made of .the following table, calculated by 
Schloe.sscr "for the sjyfansilur ccjefficieiit of glass = 0-000027, and 
.the valyc.? for uft expansion of Altei' gi^cn by Uie Physico-technical 
Reich-sanstalt. The figurcs»(Jivcn .in the table arc the number of c.c. 

' which'«pus» be subtsatted from.ijtoo c.c. to give the volume of 
distilled water which t^t f fills'a litre flask, calibrated at 15°, so that it 
occupies a volume of loeo c.c, at is”. 


Tem^. 

L'.r. 

Tfiiiiii. 

c c. 

15“ 

0 000 

23" 

1*343 

16'’ 

0-130 

24’ 

1-563 


0-272 

25" 

1-788 


0-42 

26" 

2-023 

yy 

0-58 

27" < 

2-267 

* 2*'' 

0-^6 

28’ 

2.^20 


0-94 • 

29 \ 

2-742 

22* 

1-14 

• 

30' 

3-053 


TIib Table holds for thf apparent expansion of distilled water. The 
valuc.s for Nj^ and fVjiC^olutions differ so slightly from tTiesc, that the 
tablt^iaySlso used for thc.sc*s»luyons. P'ty rV/r solutions, oTi the 
other hTuid, the 'deviations are, ejrcater: for hydrochloric acid, the 
expansion •between i5°, ^nd 25“ qja^ be tak<»n as 2-42**per cent.; for* 
oxalic acid, 2-^2 *per cent.; for sujphuric acid, 3-05 frer |ent.; fo* sodium 
hydroatidcf 3-1^ per «cnt., aifti for Sodium iarbonate, 3-03 per cent. 

In using such solutions Srrtirs may also Be introduced by working at 
temperatires differing •ppre,ciably from th?t at which the solutions 
were stan_iiarcysed. P'or instance, in Ue.case of norgial hydrochloric 

^ ana/. 1882,^ 167. 
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acid, standardised at 15°, readings ma;le at 10° must be divided by 0’999i " 
and readings.at 20° by, i-ooii, in order to avoid an error of ± o-i per 
cent; for normal sulphuric acid the error is about times greater 
than for distilled water. " t , ’ 


Appar.\tus for Volumetric Analysis 
The ordinary apparatus uSed in volumetric analysis, such as 
measuring flasks, measuring cylinders, pipettes and burettes, is familiar 
to every technical chemist, andf is fully described in text-books on 
analytical chemistry. Attention may, however,, be advantageously 
directed to a few points of importance','for technical lab«"r?(tory wofk. 


Buret'^es and Pfpettes. , 

The cheapest and most cop'/cnient of die var'ous fornf's of burette 
is that shown in Fig. 13, in which, the e.xft tube is clpspd witk a glass.* 
bead, thus dispensing w,ith a m'etal pinch-cock. 

By squeezing the rubber tube out.sfdc t^e bead a, it »* 
takes the forjn shown in FigI *i^A,, thus leading a spai;e at 
each side through whichHhe Uquftl flows out;'with a little 
practice in the manipuMtitTn,* tlic' liquid can bb 
allowed to escape as'quifck'y'or as dowly &!i*may * 
be desired. This arrangement;'asts much longer 
than any of the varlouf fornas of piifch-cock, with 
their accompanyihg rubber t'ubesj'J^ is, of course, inappli¬ 
cable to potassium permanganate and iodine solutions. 

When used in the control work of mamITacturing pro¬ 
cesses, no special precautions in reading burettes, ar 5 
necessary. For more accurate laboratory work, hop'ever, 
the following precautions are necessary 

In order be fairly certain of reading burettes'qf^o c.c. 
capacity, and, graduated in* iV c.c, to within the 

use*of a pocket lemj i.^ adtiantfijcou^; irts also *iecessarf to 
avoid two s'Aurces bf uncJrtainty, namely, *the^ndistinct 
boundafy between ‘air and licjuict and the parallajp error. 
The first i.S generally avoided.by tq^^ng the lc*vcr boundar- 
linc of the black meniscus as the normal spading, bui. S:h 
cannot be done in the fia^e of jiart: liqifldsi such ‘as pe 
maYiganatc solution. TJic bound^y kne is rendered nx- .. 

U < sharj^r tfy shutting off Ijie light from below, by placing 
a strip of black {^a^ier behind‘the buPette, \?ith»tho. ppper 
edge not more ftian i mm. heldlv the ineniscusj*as* recom¬ 
mended by tl?e National J'hysicai Laboratory ,♦ the strip 
convSn^entl)/ held ,by an ordinary wire pa^iCr-jlip. The 
meniscus so shaded shoul(i,]3e 'viewed agajnst a ^hite background. 


be 
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P, Schellbach ‘ rec6mmends» the use of burettes with "two narrow 
white longitudinal strips separated by a dark-coloured (blue) strip 
down the back o( 'the burette; in this way a fine point, which can 
easily be read, is formed at the lloundary'of the meniscus. 

The second source Jf uncertainty is due to parallax. If the eye is 
not quite accurately in the plane of the Meniscus, the'.reading may be 
several hundredths of a c.c. too high or tob low. This is obviated 
by having a circular, mark .for reading, which appears as a single 
line when the eye is exactly in its pjanc. Fdr this pilrpose Erdmann 
devised tfee cylindrical float; which is, however, open to the objections 
that it ofje^j stick.f, esjleciallyfwhcn the burette is being filled, and that 
the greater accuracy of reading hopec| fiir^frqra JVs use i.s rendered quite 
illusory by its frequently takiftg an oblique position and by the unequal 
capillary rJ^e of the# licfuid 5 )etween iU^exterior wall and 
, the insida w.-dl pf the burette. Fo.r these reasons iilost 
chemists have abandoned its use.. ^ . 

The spherical* float (jf Bcutell“ (Fig. 14), in which 
capillary effects are obyiirttS, is a'Con.sidcra])le improve¬ 
ment on that of Er'dmunn., With a good float of this 
kind, which takes a tpue'vertichtl i»o.sitioiv, ap experienced 
observer*can r^d quite well •to,l 3 'Ol*dc.,and in .any case 
with much greater certairtty tlniji without a float, when 
ordinaty birettes wittiAit circiTiar ;ifarks are used." These 
floats are often not pr(;i;»erly\veighted,'and consecjuently 
hang obliquely; they are then quite u.sele.s.s. 

Ordinary Seats cannot be u.sed for fairly strong per- 
Unan^anate solution, on account of its dark colour. The 
double spherical float proposed by Rey, ‘ one sphere of 
which projects htwve the liquid and carries tlic mark, for 
such solution’s, is unsatisfactory, oTi account of j:he difficulty 
of ge^tii{,f ftoats of this^kind which hang vertically asid also because 
th# ufper Tiphere +3 too snfrSl. .The* fhoats.constructed by Diethelm'’ 
are somewhaf better, but the u^per Irulb is alsc unavoidably too small. 

The'^roblem of avolijii^J pardlla.x find at the jame time attaining 
a sharper reading is* vb^y satisfactorily solved by the use of the light 
scrawl cohstructed by GdckeD (I»i^ i^), which ^-enders both floate and 
circulaJ* gradutitifins* unnecessary. ^Jt is a blackened clamp which is 
pl^ed on the burette 2^tf> 3 mm. bclotv the lowest point df the meniscus ;* 
owing to its cTia^onal form, it caq be fitted to tiftesaSf from a}-20 cm. 
diameter «dtlf 5 ne and the*same»clamy.# The black clamp shades off 

^ Chefti.^eU., 1885, 8, 151^. ^ ^ attghnf Chem,, i88g, 2, 8. 

^ Cf. G.Xungc, 5/// Congress oj AppUed Chemntry, I903. ^ 

* 5^•^.,489r, 94, 2098. ^ ^ y.n/., 102,26, 607. 

Chem. Zeit.^ 190^27, 1036., C/, alsoG. Luugttji^angew. Chem.y 1904, 17, 198. 
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the superfluous light, thus forming a, very sharp,‘dark boundary line. 
If necessary, especially .when the light is not very good, a sheet of white 
paper or a small piece of frosted glass may be held behind the burette. 



Fn.. 16 


or fixed to the back of the claYnp. The 'hew'featurc ifi Goi^el’s screen 
is the avoidance of parallax, Jiy making‘'the‘oi*ning of the screen 
exactly^t right angles to its horizontal surVace.s. fjmaJl rfietifllie plates,*' 
screwed to the clamp, act in such .1 way that on opening and closing 
the screen its motiop is alwayc in the same plane. In f 
order to avpid parallaYc, thefe^jbrs, it is onJy necessary to 
bring the eye into .such a iposiiion that the front and 
back edges of the iippef surface, 5'C the screen coincide, 
The same object can bCiOblained for a ihu-rcury meniscus 
by placing the .screen a to 3 tim. above it, as shown in the 
figure. The screen ^can alijo be employed for aroiding 
parallax errors' in dealing witij ojjaqtic solutions, such 
as permanganate, although the ‘■meniscus is, of course, 
not visible. , 

In addition to the ordinary pipettes the measgrin^ 
pipette suggested by 0 . Bleicr,' shown in Fig. /,6, is 
useful foi technical analysis. It is de.h'gned to deliver 
quantities ,<,u) to say 50 c.c. by means of one and <111? same 
pipette, according as the point b, e, d, c or y'iiF ‘xAen as 
iero. The capacity frtan 0 to e, c to'c/, d to' e, and c- to 
/ must always be 'exactly to c.c., and the gojinccting 
tubcii must not be too wido; as otherudsc the pfactical 
value of'the deviceJs lost. 1 " 

Wheq one and,tha ^tamc volume of licpiid Ifas ojjjfl to 
be measured off, self-a'Jjgsting.pipettes (overflow pipettes) 
are very suitable, c,spe/:ially whor^ large amounts (50 to 
too c.c.)‘have to'^e taken. There aro ipany forms of these pipettes, of 
which those shown in Figs. I)-a'lid 18 are exampleit. ' • 

It must not be overlooked that, even unclcr the most favptirable cir- , 
cumstances, measuring in pipettss is fur Je.ss accurate than‘wtighing. 
The procedure very generally and advantageously adopts^ fot technical 

1 Ckk ^ ZeU ., 189/, 21, 1028. 
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work, of weighing out a largfi amount of substance, ^dissolving it in a 
measuring flask and withdrawing an aliquot part of the solution for 
analysis, is nevex as accurate an analytic:;! opera¬ 
tion as the weighing oUJ and direct analysis of a 
small amount of substance, even if the measuring 
vessels have been carefully calibrated. The^ad- 
vantages of the latter method may, however, 
be more than courttdrbalanccd by thS difficulty 
of obtaining a satisfactory averagJ sample in 

small bulk. • 

• • • 

♦ • 

Quality of the Glass eniplpyed irf v^ltinietric 

V * ^ anaiy^s* 

, Attention»to,the^quality*of the glass of which 
the measuring vessels, beakers -aiid flasks, em¬ 
ployed in volumefric work, are madc^ is of import- 
anje, It has Jong beci; klitjtvn that many kyids of glass are gradually 
attacked cren by distilltd \gatcr,'and more readily by alkalis, with the 
liberaliontif both siljcic acifl Sndtjf allcdi. , Glass is much more resist¬ 
ant to,wSrds a^ls. I\/any in^e^'ti'at^fiSjhavc b«en carried out on this 
subject, which will bo dealtifith iq the section on“ (i/<tss" in Volume III. 



iNDiC.VrORs’/oR ACIDIMKTRV and Aj.KAI.rMETKY' 

,• A dissolved substance which changes colour when the acidity (or 
.hydrogen ion concentration) of a solution, in which it is present, is 
varii?d, is a pos.sjblc indicator. The factors.on which the practical 
utility of ait indicator depend will be iliscusscd later. 

Most the indicators at present in u.sJ*are eithfr weak acids or 
ivjalAascf or an;(fliotcfic #*ib.sUncai. Thuh the purq substances are 
but slightly ionised in'qqueomtsolutioiT, but gn addition of alkali to an 
acid jjiiircator (or of acid ^to a basic one) salt formation occurs with 
greatly incrijiised io«i.»at*on. A chaftge in coloiir is observed owing to 
thg^act tjjat the ions hSve a diflprent colour to that of the non-ipnised 
subs1?b«cp. PheBolphrtialbin, for* c.xiTmple, is *a weak acid, which in 
dilute solution in_watcr*is cblfTurle.ss, and gives a»hydrogen ioiT 
concentratio* of the*order of To** at ordina»y l^emperatures. On 
addition of slkali, ,the weU-kiftnyn re;J jolour of th^ ions of the salt 

* * • * • * * 

^ For deUils see the* following monographs;— 7 'le J'heoty and Use of Indkatots^ H. 13 . R. 

Prideaux? Ifl6 ; Dte Theorie d»' Alka^vnMi ischennind AzMimetrischen TUrterungen^ N. Bjerrum, 
Ahrens’ Summlung, xxi. ; Der Siami der Indikatoret^F^age^ A. Tliiel, AhrAs' Sammiung, xvi.; 
Indikatoret^der Azidimeltte und AlkatuHetrify F, Claser, 1901 ; The Determination of Hydrogen 
Ions, W. Mansfield Cl^k, 1920 ; •Av Gebrauch von Fbf^enindKi^loreny I. M. Kolihoff, 1Q22. 
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appears, which can further be changed to colourless.again by acidifica' 
tion, with formation of the original weak acid. 

The colour change is now, considered to be due not merely to the 
formation of ions,-but to more fundamental ch%hges in the structure ol 
the complex molecule of the^ indicator. The behaviour of indicators 
which change colour at several points as the hydrogen ion concentration 
is varied continuously, and the effect of adding alcohol, etc., to the 
solution, together with^ many' other phenomenk, can scarcely be 
explained by the use of the ionic* theory of the action of indicators as 
stated above. It is therefore supposed that changes of a tSutbmeric 
character take place concurrently with the formation of salt^' • 

These theoretical views giveVisc to important practical considerations 
when indicators are used in acidimetry'’an^' alkalimetry. / First, the 
range of hydrogen ion concentration in which the dolou/ change occurs 
must correspond to that concentration which obtains alrtlft eild jjoint it 
is wished to observe; secondly, the * 3 lour change must npt lag behind 
the variation in hydrion concentration, as hSppens, for instance, with 
cyanin and hatmatin, owing to the slowncs; of the tauCorneric trans¬ 
formation; thirdly, the colour change must be independent^ of factors 
other than the hydrion Yariatjon, apef ,it must' ibe easily visible in 
■ordinary illumination." Other desiralihc conditions, such as tfie-exact ' 
coincidence of a vivid and sharp colour'■'ihange with the pojnt of 
neutralisation, are more difficult te achieve in practice. " i" 

The more commonly used indicators will now-be reviewed from the 
point of view of their colour changes. It is convenient to record the 
concentrations between which the colour changes take place (the range^ 
of the indicator) as the negative logarithm of the hydrion concentration 
expre.sscd in gram ions per litre (/H). Thus the change of mtthyl 
orange from red to yellow begins at p hydrion conct'ntraf'on of 
and is complete at a conec.^tration of lO”*'®. The range of the indicator 
is therefore 2-g 'lo 4-0. Absolute neutrality (•■>., the liydriprTS^^ite^nt 
of the pure.st water) is ex'presred by ^he expo.ient 7 07, at 18°, anJ 
E. Salm® gives the following table of concentration of hyclrocht^rjc acid 
which have whole number cxpon-;nts:— ' ^ ^ 

Normality of nCl solution . .- . I-is rfl 03 0-0104 ,o-ool 

‘ilH . . t . . , ' 0-0 , l;0 , ^3® ' 3-^--“' 

A o-ooi normal sodium hydroxide*'s 61 utio',i has a concentration of 
hydrogen ions of lO",'®'’®." '■ ' ‘ ' t 

The older cla'ssification of indicators ps («) insensitive to acids, 
sensitive to alkalis; {b) half .sensitive to acids and to alkalE (uefttral 
point); (c) sensitive to acids, insensitive to alkalis, corresponds roughly 
to the ranges, (p) o to 6, (b) 6 to S,"(c) 8 fo 14 respectively. 

' For a general tliscussion see B. M. Margosches, Z, angfw. Chim,^ 190V1 30,*18r. 
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Methyl orange. 

This indicator is the sodium salt of,/.dimethylaminoazo-benzene 
/.sulphonic acid, SOjOHa.CuHj.hf: N.CjH,,.N(CH3)2, aad was introduced 
by Lunge.' It is a widely used indicator of class {a). 

The free acid is red, and if obtainable, is less likely to be adulterated 
with dextrin, etc. 0 I per cent, solution in water is convenient for 
general use. Its railge as merltioned above is from 2-9 to 4 0, the colour 
changing from red through orange t& yellow. The colours arc easily 
visible,’eAept in tufbid or verj' dilute solutions, in artificial light; they 
a*c, howeve^, discharged by ijaScent sulphurous acid and by nitrous acid. 

l^Iethyl rgd. 

. • 

> Mctliyi rcJ hjs come intd increafied use as an indicator during the 
last few years. It is /’.dimcth} 4 .-vminoazo-bcnzene ^.carboxylic acid, 
(Cn3),3N. N*: N. C,|W,. COOhL Its range, according to S. P. L, 

Sdrfnsen, is 4.^ to 6-3, yic'tblour changing jfom red to yellow, It is 
recommendt'd generally*by ,E. I-fupp and R. Loose," who state that 
it can be Bsed for N'Jloo sdhftior/n, also'by. R. T. Thomson’' and by 
• P'. Leljrrftin and^. ^gVf'; ST ar^pi S. H.,Ncwlands® have used 

it for determining hardiie.'*;'of \%ater, S. Minovici and C. Kollo" for 
titratii*sj picric acid. .Itwill^bc sgeti that its range lies between those 
of methyl orange and litmus, I'ather ovcflapi)ifig the latter. The colour 
change, however, is sh»rper than that of litmus, ft Is necessary, as 
with litmus. So boil the solution when titrating carbonatc.s. A O'l per 
'cent, solution of the indicator in water is used. 

Litmus. 

Lj^r.tus R a typical rjeutral'point indicatpr, still widely used. It is 
sTjSI in cubes, mad^up ffith eiralk And j^jjrsuia, containing 4 to 5 per cent, 
of the aiitive colouring'mattcr, and'dan be purified as follws. The 
cubes”arc boiled thrice,\wth 85 pgr'ccnt. alcohp! to remove inert 
colours, and are thcn*c.*tracte<;l with hot water, tile clear iTquid decanted 
and?spilccfntrated. ^ The ^cxccss*^sf jrotassiun) carbonate presont is 
ncutrrdisSd wjth*acetic aci^l, an(l ^p»,'aporntion continued to a syrupy 
st£(ge. Tfie residue*iij covered wjtl)| 90 percent. alcoKbl, the solution 
filtered, and*tlle precipitate di^olved in wateP toj’give tiv: litmus 
solut;»n. • Tffis prScedure,* howrfvcr, infrely adds to the cost of a 
rclatively*expensivc and not*vcry useful"iitdicator. The solution, also, 

• • • • • ' 

' Citm, Iml , 1881, 4, 348 ; litr ., lJ78, II, 1944. " ! S < r ., 1908, 41, 3905. 

'/l?;fl.3'rr(*i9i4P39, 518. * I* • ^igi7, 255, 113 

' /. Soc. Chm. 35, -MS. * " 4 *^' 1914-15, 3-6l. 
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does not keep in absence of air, and a'trace of phenol is a desirable 
addition. Litmus has a wide range (5 0 to 8-o) and the change in colour 
from red to blue is perceptibly gradual, even on'addition of strong 
acids. The coloprs are not so easfly seen in artificial light as in 
daylight. 

. Phenolphthalein. 

Phenolphthalein is a triphcnylmethane deriCative, being the 
anhydride of dihydroxy-triphenyl-carbinol-carboxylic acid, and has 
the structural formula— 

C--C,.,H4.0TI , 

j\c,^i,.co.b, 


It was introduced as an indicator,-iby Luck.' It is used in O'l—l o 
per cent, solution in 50 to 90 per cent, alcohol. ' Its range is 8-3 ' 
to lO’O, with an easilyvisible colour cha'iigc from colourless (ivcid) 
to pink (alkaline). The reverse change is* less conspicuous, while 
excess of concentrated alkali discharffe.s' the r9(j colour irreversibly. 
It is a typical indicator of /lie‘thifSrcfass ((•),.and fsMnost'u.scful in • 
titrating weak acids with strong, carbonatU/free alkali.s. Recently, the 
phenol snlphophthahins and phenpU tetr(ichloropJuhokins 1iav<r been 
suggested as superior substitlites for ph’enol[IT;tbalein by S. F. Acrec'' 
and co-workers.' ' 

For details of the many other indicators which have Been suggcste^l 
and used, reference must be made to the monographs quoted above.’ 
G. S. Walpole“ has summarised the data for some recent indiontor.s.' 
Of these, l.^-diuttrohydroqninoic may be mentioned as an indicator 
with several change pointy viz.: • , ' 



Mixed Indicators' often give more/.conspicuous or'more useful 
colour changes than .sjnglc subjtaKcCs, Thus_ a mixtaire tif ^^\Uo~ 
phenol (range 5 to 7) and phenolpht.h^Icin j:hanges from colAurless to 
yellow and then to red oi>addition oC alkali. 7 'he' intermediate colour 
is a warning th*t the ncutralisatioa approaches completion. M. E. 
Scholtz' has suggested a nu'.tiber of mixthres of indicafors-whiclj arc- 
useful in practice. ' / , - 

» i ' ' 

^ Z. anal. Chem.^ 1877, 16, 3202. 

J. Amer. Chem. 1916/38? 2^72 ; 1918, 40, 1940 ; 1919, 4141031*- 
^ Biochem. I914, 8, 628.,,,,, ^ Z. pleiiioi/ien^f J904, 10, 549. 
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The Application of Indicators. 


The application of indicators to afidimctry and alkalimetry is 
dependent on the varii^fions in nydrion concentrations round about the 
neutral point. These changes are best shown by a curve in which 
— log [hydrion concentration] is plotted against the actual concentrations 
of acid and alkali. Such neutralisaflon curves are available for the 
commoner acids arid' alkalis," and they can be constructed either by 
calculation from the usual ionisation formulae or determined experi¬ 
mentally* by meas«rcmcnt the E.M.F.-set up between the acid 



h’lD. 19 .—N'l'Utr.'ilianlion cwvea in linrrnal crmcontration. 


solution at n«hydrog*M*tlectrede and^a standard solution and electrode. 
ATiIJ^nch cur^’cs f^ir 0'0(J5 nornljVsoJulions arf given diagramm.rtically 
in Fig. , 

• When’a strong mcyicbasic aciij, hydrothloric acici, is neutralised 
by a strong*bAse, the hydrioij, concentration i.s* bu^'slightlji changed 
untij4.9o <per*ccnt. Vif the neces.sliry alkEdi has been added, after which 
it decreases rapidiy, and*fiitally, as the fieutral point is approached, 
passes*through many fovvej-s «f tci> on addition of minute quantities 
of alkalj, TJic reverse change is equally sharp, ^nd it is clear from the 
curve that any i^dicator.of range lying tkatween 4 and 10 will serve for 
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the titration. Methyl orange will give a flight error on the acid side, 
but methyl red, litmus,- and phenolphthalein give accurate results pro¬ 
vided no carbonate (or other^salt of a weak acid) is .present in the 
alkali used. , * • 

Weaker acids like acetic acid suffer a reduction in hydrion concentra¬ 
tion to iO'° before the neutral point is approached with any rapidity. 
Hence indicators of ranges belofv 6 are useless for such titrations 
methyl orange), for the alkaline'colour appears before neutralisation is 
complete. Thus phenolpfithalein or other fairly high e.xponent indicator 
is used to titrate weak acids, including most'commoB organic atids, with 
caustic alkalis. ^ ' tf , 

Conversely, when a weak fba,se like ammonia is neutralise'd by 
hydrochloric acid, hydrion conccntrations'‘as high as iO“® aye obtained 
before the curve bends rapidly'^ towards tfie \'l'rtfcal qeutral portion. 
Here phenolphthalein is useless and mqthyl red .shoCld 'be used, 
for methyl orange is open to tho 'same objection as, in the case 
HCI —NaOH, for after neutralisatipn the cuwcs coincide in the lower 
half. r '’ • • 

Still weaker bases aniline) give curves in which, except when 
acid is first added, the slope 1.4 j^radifid, aiid therpd^ no vertical neutral 
portion. The titration of such ‘base'^r with str@ng aciMs requires an 
indicator of carefully selected and restricted rkaige. Thus aniline ha.s been 
titrated with hydrochloric^ acid, using ns indicator dimcthylamJfioazo- 
benzenc, which changes from red to flesh cokfijrnt I0‘® concentration 
of hydrion. Very weak acids phenol) give .similar indefinite curves.’ 

A problem which-frequently arises is the titration ^f a base ig 
presence of a weak acid, in other words, the titration of a salt. In such ’ 
cases the hydrion concentration due to the liberated weak acid i.'ulow,' 
so that an indicator of small exponent can be cmployt-cl. Accordingly, 
methyl orange is used for- titrating carbonates, bienrbonates, .^ili^ates, 
borates, ar.seniteS, and sulphides with fetrong,acids to dcTerirriiy the 
total alkali therein. • r ' " * ' , 

The titration of total <fcid in the salts of weak bases (such ae aniline, 
toluidine, quinoline, and most alkaloids) can sitnilarly be carried out,’‘using 
a high exponent indicafor like phfiiolphtlKdein^for the lilferatcd weak 
base does not sufficiently reduce tjie ^^jldrion gon^ceii/ratifin to'affqo^ftie 
indicator. , • * 

The neutrafisation cinfres of ptlyhasic acidstari^ simila^ to thoseVf 
monobasic acids v^en the acids arc .strpng (compare fqr example the 
curves for sulphuric acid an 5 fiydrolhloric acid ift Fig. igj: I 4 *ncc 
they can be titrated to compfjte neutralisation by the use of retthyl red, 
litmus, ete. Citric acid, again, can be fitrjted Ais a tribasic held with 
caustic alkalis, using phenolpbtltalein as, indicator, as it givej a curve 
similar to that of acetic aeiyl. When, however, pl^sphoric acid is 
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* titrated with sodium hydroxide, a-sharp variation in hydrion concentra¬ 
tion occurs at the stage NaHjPO^, which gives a concentration of lo"*. 
This point can therefore be determined by the use of methyl orange, 
A second rapid variation occurs at I0“® corresponding to Na^HPO^, so 
that the acid behaves as dibasic when phenolphthalein (range 8-3 to 
lo-o) is used. The formation of Na^PO, is not indicated by an abrupt 
change in hydrion concentration, and,'’as this' point is also far on the 
alkaline side of absolute neutrality, it cannot be accurately found. 

Carbonic acid, as can be seen from Fig. 19, gives an end-point at 
exponent* 8-3 correspondin'g to formation • of bicarbonate, so that 
pbenolphthAlein can be used tto fix this stage in the neutralisation 
of carbonates with acids. Methyl orasgo or tropa;olin 00 give an end¬ 
point corre.spondtng to libcratron of all tile carbon dioxide present. 

This end-pojnt, ih a 1 :tual practice, fa more acid than shown on the 
•curve, *5 the*-pnpsciico of jodium chloride increases the acidity of 
the carbonic afid. The succcssivt'usc of phenolphthalein and methyl 
^orange in the same solutisn is emplgycd to estimate mixtures of alkali 
carbonates with hydroxidepr with bicarbonate. 

Naturally, if the sorution is boiled when carbonates are being 
titrated, so that tlip» jveak ‘carbohic acfd is removed, the hydrion 
•concentrations ^e thotic of tfic\^cutraIisiition of- a base by a strong 
acid, and consequently litrius or phenolphthalein may be used to 
detcrirtiiie the end-point. It i.s desirable, however, to complete the 
titration in the cold, <is JPliangcs in temperature affect both the range 
of the indicator and rtic ion concentration due to any given acid 
sglution. ThS errors due to this effect and other ionic considerations 
have been worked out by Hjerrum.' 

The effect of neutral salts on the colour changes of indicators is 
varied, and ig casffs of doubt the final colour should be matched against 
a solutidli of the salts formed (or othervvisej^resent) which has been 
, tin^ei^ with*the indicates, and'just brought to the chd-point colour. 
C’ongo red (rgngc 3 to is so notably affeettd by salts lhat it.s general 
u.scfulne,‘g*is impaired. Alcohol apd other organic liquids prodtice more 
^profoiffid changes in many indicators,.and matching of the final colour 
is imperativeVhen titrating afcoholic solutions. A well-known applica¬ 
tion S^hfi? effeSt is jn Igtrjting %iul, whcit addition of glyceVol or 

mannitol'convtrts the neutralisati^ift curve of this weak acid into one„ 
sinTilar to those of sttrojig acids, thiis^jcrmitti^g accurate titration with 
alkali hydroxid^ and pheno^3httii*iein. “ • 

Xlfe^trtjubfc of pfeparin^ comjSirisoft s^ihitions on each occasion (for 
■ the coloufs change if the solutions are kep,^_can be avoided by the use 
of colohrfd liquids maile ftoifl inoi^anic salts, as recommended by 
J. W. MeJIairg" 

' Zoo fiV. Chem. Soc., 1912, lOI, 814. 

m. • • - 
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Turbid or coUured solutions can also often be titrated by the method 
of matching'; or monochromatic light, or a pocket spectroscope as 
recommended by A. Tingle,’.is useful for observing the colour change 
of the indicator in these solutions, J. Houben ’ uses a trace of ferrous 
salt in presence of hydrogen sulphide, which gives a black colour when 
free alkali is present. 

Test Papeis. 

Test papers are made by immersing previously washed and dried 
filter paper (or note paper) in a .solutipn of the indicator^ coloured by 
very dilute acid or alk.-'li as may be required. The paper is then dried 
in a neutral atmosphere,'With Occasional changes in position to dis¬ 
tribute the colour. Such papers are usefu' ‘'or testing gase.s for acidity 
or alkalinity, or as a means of' using the 'nclicator externally, when for, 
some reason it cannot be added to the solution ili the usual way. 
When only a qualitative test for acidity or alkalinity is required, papers 
made from indicators of ranges r'ound abou’t seven will obviously be 
most sensitive. Hence litmus paper is widely used. Laemoid is'used 
for much the same purposes, but the .red paper is more ,''ensitive to 
alkalis (range 4 to 7). Dichromates are a.cid, norm'al cli^omate;s alkaline, 
to laemoid, Methyforange'paper cn.h be used'to detect .strong acids 
in presence of weak, but congo red i.s pr.efdYred.for this purpose'owing 
to the more striking colour change irom led to dark blue on ‘hddition 
of acids. Turmeric (yellow) turns brown wKh alkalis (free or as 
carbonates) or with alkaline earths, but is most used for testing for 
boric acid and uranium salts. ' , 

All test papers must be kept in air-tight receptacles, as the vapours 
in the air of an ordinary laboratory rapidly render then useless, ' 

«; * 

Efectrometric Titration. . ■ > 

The titration of acid and ajkaline liqfiMs co,nsists in the*addition of 
one to the other until a certain'conce'ntration of hydrion ig attained. 
Indicators provide (jnc means of fi/iding whc»i She required conceits ration 
is reached, but in sofne cases a direct miea.virerncnt of the hydrion 
concentration is desiraljlc. . < . • '* • 

The usual method is to compare the potentiaf cUffcrdnce at a 
hydrogen electrode immersed in ,thf solution.vyhich is being titrated, 
with that at a sttmdafd ((?._"■., calomel-potassium chloridy electrode, the 
two solutions being connccto:l»by a\ubc fl“lled with pota^siu>n cklpride 
solution. The neutralisation curves of “many acids and buses have . 
been worked out in this Way by.W. Ilottgcr^^and J. H. HKdtbrand,’ 

^ /, ^m/r, CA/m, SW., Jgi8, 40. ^ 1919, 52 [H], *613. ** 

^ physik . Chem ., 1897, 24, 253. ' * /. Aeicr . C / ifm ^ Sac ,, 1913, 35, 847, 
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• who give details of tKe apparatus., An electrode particularly suited to 
technical work is described by H. J. S. Sand.' 

The electrornetfic method is most commonly employed in cases 
where indicators cannot be used. In determinations of the acidity 
or alkalinity of physiological solutions the presence of proteins inter¬ 
feres with the reliability of most indicktors. G. S.. Walpole- has 
applied the electrometric method for this purpose ; and H. J. S. Sand, 
J. T. Wood, and D. •J.-Law'* have u-sed-it for determining the acidity 
of tan liquors, which are too highly coloured to admit of the use 
of indicators. Othi;r applications have recently been described by 


J. PinkhofiV G. A’. Freak,' H. S. Rubcrts,“ W. D. Treadwell and 
L. Weiss,' I. M. Kolthoff,*' and W. F. Ifendrixson,’ with apparatus 
adapted to the Various purjjose.s. 

For the usepf mhashrcnients of clcUrical cuiuluclivity in analytical 
• operatiftns" scA pp. 223-227., 


l^tn^MAL S n.UTION.S 


A large’nuniber of stSndqrd .siflutions are used iji technical analysis; 
those empltyerl only for spedal purposes are treated of in the sections 
. in whifli* their^ppUcy'tions ;h'c;Miscn^scd, the jiresent section being 
restricted to a description o.f'the standard solutions in general use, and 
' which’«j'e amployed ijiVarious'br:nik,hes of technical work. 

General consideratiens.—A normaTsolution of a substance may 
be defined as a solutkin which contains one gram-equivalent of the 
suFstance pe* litre of solution. Such concentration is shown by the 
•abbreviation iVor rV/i,and,similarly, N\2, iV/ 5 , A'/io, indicate solutions 
■of and the normal concentration respectively. 

The equivalSiit of an acid is the weight which contains one gram 
of displaceaEle hydrogen, so tliaT the equivalents of monobasic acids 
are the ^;?ii»e as their inolecular weights in gram.s FICl, 36-47 ; 
■ 63 t):2). cguivaMit tjC a ctil^asic acid, such ju sulphuric acid, 

is half the ^i^m-molccuhu' weight; ifi*that caic, therefore, 49-04 grams. 
The «L|uivalents of ai]va^’s*inay l 5 c d^efined as the^weights required to 
“neutralise tl^ eciuiv^lfi^t of.strong acid. So that the”*equivalent of 
so 4 i®n hjidroj^de is one mole, ; wlierjas the equivalent of the 

di-acK^ iiase J^afium fiySroxide Calf the gram-molecular weight, 

85-69 grams. • ^ ^ 

From thd?c*dcfinitions it is clear that one litre of-normaLacid will 
- • - • > 


^ f’/lrrw. /«(/., ifll, 30, 8^2. 

“ 1913, ^ 4, 418. • 

‘ WeekbUdy 1919, 5^, 1218. 

AV., 1919, 115,55. • 

’ Iltlv . ^ ihim.%\Llay 1919, 2, 680. 


• % 5 

■’ /. Soc. (.%(»!. Ind.y 1911, 30, 3, 872. 
^hern. W^cekbhuJy !*9I9, 16, 1163, 1168. 

” /. Afiwr. Chem. Soc., 1919,141, 1337, 
• .^V?. 7 iav. Chtmtf 1921,40, 532. 
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exactly neutralise a litre of any nornjal alkali, or, more generally, equal ^ 
volumes of such solutions will react exactly with each other. This 
conclusion indicates the great utility of normal '(or iV/2, N/S, etc,) 
solutions, for the same standard acid ( 5 r alkali can be used for a variety 
of purposes with the minimum of calculation. 

In general, the solution Which contains one gram-equivalent of the 
active portion of a substance per litre is taken as the normal solution. 
Oxidising agents (for example, potassium permanganate) are made up 
to contain the equivalent (8 grams) of available oxygen per litre; 
accordingly a tenth normal solution of this'salt wil)_contain 3ri6i grams 
per litre since the gram molecular weight (158 03) yields'qo grams.of 
oxygen for oxidising phrposcys, .Similarly a A'/io .solution of potassium 
dichromate contains 4-903 giains per htre, as one mole of the salt 
(294-2 grams) gives 48 grams available o.xygbn.^ ■ 

Normal solutions are particularly uscWI, as indicated .-aboivof when a# 
number of different detennination.s are fo be made, using the same 
standard solution. When, however, it is required to determine frequently 
the strength of a single commercial produL-f.nt is better to make uijthc 
standard solution to correspond with a simple weight of tlm substance 
to be determined, say i, 5, or 10 g;"am.'>''per litre.^ Thus absolution of 
silver nitrate which ’s to be li.s'ed 'entirely for the 'ir"‘tcnnhiqtion of, 
sodium chloride should be made up toj contain 2-907 grains silver 
nitrate per litre, so that each c.c. cotrespo'nds to il-poi g, sodium cliloride, 

A normal solution has no'advahtagcs in Such ta.sp. 

Sometimes, again, the quantities required foif a standard solution are 
merely empirical, Thus, in the valuation of tanning <rmaterials b^ 
Lbwenthal’s method, it is necessary to standardise the permanganate* 
against an actual tannin under conditions similar to those under ^vhich- 
the determinations are to take place. ' 

In only a few cases, can the standard solution be made by the 
simple process of weighing out the requisite quantity of the'substance 
concerned, and'aftcr dissolwingpt| dilfttin^Vhe sglutfon to the rcquiicJ 
volume. ..It is usually' neccssJfy to * make • first an ‘approximate 
solution and then to standard^q it "by me#.ivi of substances of-lmown 
purity. 

SXANDAivir, rieilflj 

Withe the exoeptibn of oxalic acid and a lew othei« dcids, it is not 
possible to take even an appr'jjdmattiy cxafct weight of^alihyclroPiS^acid 
for the purpose of making a Sta'ndard solutiod. It isJhcreforc-necessary 
to dilute the pure concenftated acids Jo ^appspximately the, required 
strength, a final adjustment of.tlve volume being made after standardisa¬ 
tion. The normality of ordijjar^ concentrated acid^ is shown in the , 
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following table, together with, the volume required to make a litre of 
approximately normal solution:— , ’ . 


Acid. 

• 

• 

• 

hp Or. 

Normality. , 

c.c. to be diluted 
to 1000. 

Acetic Acid . 


1-058 

17-3 iV. 

• 67'5 

Hydrochloric Acid 


1*10 • 

lt)-0 A'. 

100-0 

Nitric Acid . • . 


1 *42 

16-0 iV. 

G3-6 

Siiljihuric Acid ! 


* 1-851 ‘ 

3J-0 N. 

•27-0 

.... 

... _ . 

_ 

.. 



, Of thes% acids,•hycfrochloijc acid is the most useful in volumetric 
analysis. It is preferable to sulpjiuyq acjtf owing to its wider 
applicability, as,‘for examplcf, in titration of the alkaline earths. It 
has a greater avidity ill flft cold, and»Jjeing monobasic, no complica- 
>tions wise hydrolysi? of acid .salt.s. Its coitccntration, also, 

can be accurately controlled g»r»vimctrically by precipitation with 
silver nitrate. * • ^ 

^ydrochlotic acid .canf'al.so be used jn place of nitric acid, 
except for* the e.stimatfcn pf chlorides in an alkaline .solution (for 
example, ffrude cau.y.ic .soda7 with silver nitrate, using potassium 
• chromijtcf as in<ffcator> in thi? a*e ah'atfiuunt of standard nitric acid 
just sufficient to neutralise tje alloali i.s added, this amount having been 
found ir^m ft previuusiitration with Itydrochloric acid. For this purpose, 
however, a standardis,cd^nitric acid i.s hot really necessary, for, if an 
dxcess of acid has beci» added, it can be neutralised by. a slight excess 
oj' sodium hydroxide or sodium carbonate, without disturbing the 
Subsequent titration with silver nitrate. 

IVfciny different substances have been suggested as a dasis or 
stirndiird for acUtkitctiy iriid idkalimctry, of whi«h the following are the 
most*igaportant. * ^ 

Sjdi/tm farhonate takgs precedence of all the other.s,*both on account 
ot*ts extensive uSe ajd of*fl.s attual picrii. It can Ixr prepared and 
weighed Qut absolutely pure anti frec*f 7 om waiter with the greatest ease, 
and c^li DC very accurately«titratcd wjth hydrochlojjic acid and methyl 
orange, and, with proper precautions, wJth litmus dr with phcnolphthalein. 

“ Cti^jiic^y piJrc sodiujn^carbonftte,” ^ree from ^any appreciable amount 
of chloriTle, can *bc obtained coijjinercially ; it can also be readily 
prSpared Irom sodium.hicarbonatp r^hich ha.subeen freed from chloride* 
and sulphatc,*f^resent, by wasljiijg with small anfbunte of cold,distilled 
watcj> Tilic Sodium carboiSatc nfust Up ^uitc free from sodium oxide 
. as welfas.from water. * • " • 

If {Ante commercial sodiumcarboBate is'lised as a standard, it must 
dissolve ^n w|itcr to a perfectly clear solution, give no “turbidity with 
silver nitrate aftjr neutr^ilisatioti witfc i^ic aci^, and no reaction for 
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sulphates, after excess of hydrochjoric acid has been added. In 
applying these tests a sufficient amount must be dissolved, say 2 to 3 g., 
and the solution sufficiently diluted, in order to avoid precipitation of 
barium chloride. A very slight opalescence with silver nitrate is often 
noticdd, but it is easy to judge if an amount of chloride sufficient for 
quantitative estimation is present. If the .sodium carbonate is pure, it 
is dried by heating in a platinum crucible, preferably in a sand bath to 
270° to 300", with continual stirring, until the weight is constant; half 
an hour is sufficient for'this purpose, exclusive of the time required 
to attain the temperature;. The sand is packed r/mnd the eutside of 
the crucible to the same height as the stidium fcarb'onale i<iside, and,a 
thermometer is placed“q.uitq (jlo^e to, or even in, the crucible.' Ihis 
method is quite as convenient as heating.With-the nakud flame. 

Sodium bicarbonate can by'-obtained I'dmfnei'cially of a sufficient 
degree of purity for the preparation of fhe carpon^te t it "should be* 
tested, as above, for the presence oLinsoluble impurities, chlorides, and 
sulphates, of which the two latter can be remawed by wasfiing, owing to 
the slight solubility of the bicarbonate,'’'The second, cquivalenf of 
carbon dioxide and the water can ,then be driven off by'hcating in 
a platinum crucible, as described fu-r sd'dlum cav^bonate. I'Jungc* has 
shown that the bicarbonate if c'otnplbVl^ conver.ted iiftv the darbonate • 
by heating, for a few minutes, at 260'' to C/rf ; if heated fur from a half 
to one hour in a sand bath or in''an a'ir batlf ft a temiA.‘ral,»rc not 
over 300", the carbonate can be relied on as behig.free from bicarbonate, 
water, and sodium oxide. * 

Although sufficiently pure bicarbonate can readily'"be obtained 
commercially, yet it may at times be necessary to purify an impure' 
product, so as to obtain a pure substance for standardising purposes.’ 
Reinitzergives the following method of purificatior..' About 250 c.c. 
of distilled water is hcat^;^d to .So^ in'a tall beaker (preferably Qp’Jcna 
glass) and the bicarbonate added, in small qu^intities at aVii'ne, U!1 the 
solution is saturated, the liquid, being. coIilinuaVy sfirrcd ; during tVifS 
process, part of the carboi*. dioxidh’is evolved, with effervescency. When 
nothing further disspivc.s, the solution'is filtucefJ through a pleated filter 
paper, preferably in a liot-water funnel, into a,t1ask and tooled to 10’. 
The crystals which separate arc filtered by suction in'a fuunel^lAcd 
with a platinum cone only, and afij washed several limes \r‘itn small 
'■quantities of (Arid water,, which is completely rfqnavcd by suction aLcr 
each addition, 'yie ?dlt is then clried thoroughly, groi'.nci, and mixed, 
and the small quantities to iicviempbyed hi standardisifig a^e Ijyated 
as required in a sand bativ to a tempemtilre not .exceeding 300°, as 
above. . , - • " 

The possibility of prcpafiijg sodium carbonate quite free from 
> Z angm. Chem., 1897, 10„j22.' ■ , Ihd., ^89+, 7, 551. 
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imoisture and from sodium hydnjxide has, from time to time, been 
Questioned by various investigators.^ Lunge^ .has, however, shown 
that the product obtained by the method of ignition given above is 
quite free from moisture, and that the quantity of S9dium hydroxide 
formed is negligible for ail ordinary analytical work; in a special 
experiment to test this point, he found ’only 0-004 PPr cent, of the 
hydroxide in a sample of carbonate dried at 2^" to 300°. 

For standardising -or controlling the strength of a normal acid, 
the corresponding quantities of sodium carbonate lAust always be 
weighed •ut separately; the plan of preparing a normal sodium 
capbonatc s%Jution tonfaining lay 53 g. to the litre and withdrawing 
aliquot portions for the different estiiijatiops, ^^unsatisfactory. Errors 
in.'measuring, in* the emptyiilg of pipettes, etc., cannot be avoided, 
even when standardised ajiparatus i.s *fmployed, and the inaccuracy 
•arising from these ca.uses is ifiuch greater than errors of weighing. 

Sorensen = Jias rccommen(ied the "use of sodium oxalate as the basis 
•for alkalimetry in.stead of sodium carbonate; it has the advantage 
of applicable also’^li^ a .standard f<y oxidation methods of 

volumetric Imalysi.s. Ifto salt can readily be obtained free from 
water of ci|’stallisatiou,^and Is*not* hygroscopic. As prepared accord- 
• ing to. Ifis diwStious,, by KSliJiautif, "by precipitation with alcohol 
and drying at 240', it may;be employed” for standardising purposes, 
either‘tljreclly or aftar*a few ^oufs‘ heating in the steam oven. An 
accurately weighed quanrtty of the .salt is careTully heated, for a quarter 
to half an hour, in a covered platinum crucible, over a small gas flame, 
supported in V hole in an a.sbestos card, so as to avoid contamination 
by sulphur compounds from combustion, or over a spirit lamp,^ until 
the sjdium carbonate formed just begins to fu.se; towards the end of 
the operation tlfc. lid is moved aside so as to-cover about one-half of 
the crticiblc, To promote the compfete combustion of the carbon formed. 
A mixtufdjof .sodium cari>onate, containing a little sodium hydroxide, 
is* tlui? formed, wiTich ;s not*wci{;hed, but transferred along with the 
crucible tp a tall beaker, moi.sfened rAth water, treated with wt excess 
of the»acid to be standai'di.sed and waft-med on tl^e water bath ; the 
solution is th»n pourc'd*i*ito a.conical flask, the CVuciblc and cover and 
the«bpajmf»rins*d out, tenj:lrop 3 (Jf ,a solution of^phenolphthalein added 
and boi1(W till tfie carSon^dioxid^fs completely expelled, in a current 
of ftir free'd from carbpB dioxide,.co.pled in oold water,^nd the excess' 


* ^'0 9 ' *0 Chem. /«,/.,• 1900, 19 *958 ; Sorensen and Andersen, Z. anal. 

Om., 1905, 156; B. i^orth and TO Blakey, y. Soc. Vhem. Ind., 1905, 24,396; Sebelien, 

fWZrri, 4905,29, 638. , . , 

“ Z. angew, Chem., 1904, 17, 231 ; I905, l8, 1520. 

= Z. anah C/ien%, 1897, 36, 639 ; 1903,42. 333 • 44, ,56.. 

^ Cf. Lunge, Z, angew. Chem.., J905, 18,41520. * -- 
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of’acid titrated back with Njio sodium hydroxide. The equivalent' 

of sodium oxalate is = 67-005, so that 10 g.c. of an Njio acid 

correspond to 0-067005 g. ofkodium cfcalatc; ofO-i g. of the salt = l4-92 
c.c. of an Njio acid. In a subsequent paper,* Sorensen gives accurate 
directions for the examinaHon of commercial “pure” sodium oxalate, 
for impurities. • • 

Sorensen's investigations were carded out with great care, and 
they show that-very go8d results are obtainable with sodium oxalate, 
as a basis for alkalimetry; but the examination^of the substance as 
regards absolute purity is more troublfsome ?lnd*tediouj^than in the 
case of sodium carboli-ate, aqd this is true of the whole process, even 
if the titration is not carried out with phenolphtjialcin in boiling 
solution as above, which is qjifte unnecessary; but with methyl orange 
in the cold.- There is, therefore, no rcasbn for giving ^di*im» oxalata 
the preference over sodium carbopatc, b'ut it can- be advantageously 
used as a control in doubtful casc.s. , • * 

To prepare an Nji hydrochloric acid sotutipn, pure hyrirochloric acid 
is diluted as shown in the table given cibov'e (p. 47), or to a specific 
gravity of about l-oeo, so as to obtaiif a preliminary aciJl somewhat 
over the normal strength (56-'4/ g.'HCl per litre). Tjiis aetd^is then, 
titrated against a freshly ignited samp’le (^,r 2-5 g.) of sodium carbonate. 


Since w grams of carbonate require 


7. c.c. of a normal Solution, 
0-053 


the actual volume of the prepared acid, say x c.c., will be smaller 


than this; the acid must therefore be diluted by taking 


r,i-ox 


c.c. aiiij 


diluting to a litre. ^ 

The diluted acid i.s then titrated against new samples of freshly 
ignited sodium carbonate as a chetk. A further control, by‘deter¬ 
mining the proportion of chlorine by silver nitrate, is alao Vtry desir¬ 
able; 10 c.c. of.the acid (-0-3647 g. 'iClJcshould gi.c 1 - 43.54 S- 

All normal solution.s-should"-be prt'pared at 15°, amT a ^correction 
must be applied as detailed on p. 33,‘if they a^c subsequently employed 
at a tcmperal’ure diffeiing by more than ' ' orfrom 15I 

Of'other substances which have been suggested for the str.iidai.^lLing 
of normal acid.s and alkalis, the folhwing are the most imporKi'it.-'^ 

Grandeau,' and subsequently I'incus* and .Fresenius," suggested The 

1 /. uir.i/. C/irm., l\'Q3, 42, 512. - -f^.LiJnge, Z. ani^ew. 1905, 18, 1520. 

^ Many of the following refcrenccb ar, takcil from a paper by V'^anino and Siittei^g^. am/. 
Chem.^ 1902, 41, 141, which contains'a fairly complete .un'ikary of tihe ]iterature*on*voIunietric 
solutions and substances used in standardising them. CJ. also B. North and W.' Bla^icy,/ Soc. 
Chm. Ind.^ 1905, 24, 396. 

^ Z. anal. Chen'u, 1863, 2^426. Ibid., 1863, 2, 426. 

® QuanlUaltve Analysis^ 7th edition, vol. .'i,, p. 194. 
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* use of calcspar (Iceland* spar); which they regard as. chemically pure 
calcium carbonate, but this is not always the case.- Thiele and Richter' 
found deviations.of b-2 per cent, from the true value, with this substance. 
Hartley 2 and Neitze 4 ® have made use of metallic spdiuin. 

Borax is recommencTed by Salzer,'* Rimbach and Worms,'’ Rich¬ 
mond,*’ Buchanan,’ and Perman and John.*^ 

Ammonium chloride ha.s been suggested 'by Reinitzer,'-* and by 
Seyda and Weinig,'“*and amiiwuinin sulphate by Knublauch.” 

An iodometric method, based on the reaction :— 

t • . * 

5 K/+ KIOj + fiHCI 61 + + 6 KCI, 

is described by Mohr, Kjelidahl,’- G{i>gpC ' I'essel.” v. Than 
proposed potassiitm bi-iodate, \lUiich is alsti )-ccoinmcnded by Mcincke.’*' 
Riegler” has suggedtec? pui*c iodic acitf^ All the iodomctric methods 
.for prejMiring normal^ acids and alkali.s are indirect, and* the surn of the 
small unavoidable ■ errors may easily exceed the permissible limit. 
The ba.sis of lodiihetry i$ not more certain than that of acidimetry, 
if pyre sodiunj carbonaJo’^M used a.s the standard, but rather the 
contrary, so that acidimfttry, may*justifiably be employed as a basis 
for iodimetfy rather tljan the'i^verse. 

1 he isdomejr.lc meljiod is r%(j,.^incfii*lcd by Petersen for determin- 
ng the amount of acid in C(»lf)ured*plant extracts, roots, beer, etc. 

MoVse ;«id Chamber's"’ base ftiethod of standardisation on the 
lecomposition of neutrffl hj'drogcu peroXid* by potassium perman¬ 
ganate. Another meth«d, involving measurement of u gas, in which 
rotassium iot^dc, potassium iociatc, sodium hydroxide, and hydrogen 
Jeroxide are employed, has been j^roposed by A. Baumann. 

Hjjrt and Croasdale-’ and KohiT’^ have proposed tlie electrolysis of 
opper sulphate as a basis for acidimetry. The advantage of this 
iroposal.lies in the fact that it i*s dependent only upon the ratio of 
opjrej- rt)* salphuric aci(J. Hauve'"’ states that good* results cannot 
le'obftiineft by tWs nyetliod,* bcc&use if no* free acid Is present, the 
epositet^ copper docs • not a*dhcrc**to the’electrode and -contains 
uboxide of copper, but. »o exp'criiyelits arc givgn to support this 

• * * * « • 

13, +?6. . • Z amil. itu-m., 1.S73, 12, 89. 

’ /#„'.y 893 , 32, IJJ. . , • .* 1893,*32, 449. 

' //.»/., 1S96, 35*338 ; 1897, 36, (^8. « Chern. AVwj, 1895, 72, 5. 

V. Soc. ettem. hut, I90.V, 2^,1093. ^ » Vhem. Nm>s, 1895, 71, ?96. 

Z.anah 1^95, 34, 577 j 1900,39, 458. Z, nn/pew. l8(^, 5, 204, 

“ C. anal, Chtm^ rSS2, 21, 165. , • u ji„j jggj^ 22, 327.* * 

1890,*3, 353 ajd 385. * (/}««., 1899, 23,67; 1904,38,449. 

'= AnnaUn,\Sgi, 261, 358. * i» Chem'y.tii., 1895, 19, 2. 

" Z.anal. 1896,35, 308*1899.38,;SO. nj03, 42, 308. 

“ 1898, 37, 183. • /i,V., ,892, 31, 450. , 

anal.'C/iim^lir)o, 4, 424 ; l892,6,*42I. Chem. hid., 1900, 19. 962. 

J. Pharm. Chern.y 1902, 16 [2^, 65. • * 
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conclusion. Maade* has described the preparation of standard 
sulphuric acid, and indirectly of standard hydrochloric and nitric acids, 
by the electrolysis of copper ,sulphatej 

North and Blakey® recommend sodium bjfcarbonate for fixing the 
strength of .standard acids, but according to Lunge* it is not reliable. 

Normal hydrochloric acid can of course be prepared and checked 
gravimetrically, by precipitation with silver nitrate.^ Lunge finds that 
with careful working, ,the results by this methbd agree with those 
obtained by the use of sodium carbonate to within 0-05 per cent., some¬ 
times even to within 0-02 per cent.; |rc does^ ne-t regard Mifs gravi¬ 
metric method as more accurate than sKindardisation witl/pure sodium 
carbonate. ' ' • < 

It is much more difficult to attain th£ sajhc dcj^red of accuracy with 
normal sulphuric acid by pfecipitation ,^with barium, chloride, owing 
to the. well-known difficulty of obtaining absolutely* pAre* barium* 
sulphate. ' ‘ ^ 

Several authors have recommended _^cvkporating down the acids* 
with ammonia, and weighing the an;monium salt formctl. ^ • 

Moody' has suggested the preparatipn of normal hydrochloric acid, 
by passing hydrochloric acid,g_as into a knowiT weight of water, and 
determining the increase In weigt^o The method ‘‘has suite been* 
studied and improved by Higgins ''vtfy jeeurate results .can be 
obtained, but somewhat .special apparatus i.s rcfiuired which hardly 
suitable for technical work. Both ]ioth"'f.nd Raschig^ have also 
described this* method. The constant boiliilg mixture of hydrogen 
chloride and water originally suggested by Ro.scoc ‘and Dittmar® 
has been recommended by Mulctt and Ronner" as a basis for pre¬ 
paring normal solutions, * 

A. Marshall'" recommends the preparation of nofmal,sulphuric acid 
on the basis of its spccslfic gravity. This proposal has beejTexlended 
to hydrochloric acid by Kustcr and Sicdler,!'but the ex'ample^ given, 
show too gre'at deviations fiom tllie, actual rarength, ,even in cases 
regarde'd by them as correct up to q- 5 per cent., to allow of «t,hc recom¬ 
mendation o(the method, for accurate work.' 'li] a, later communfiiation,'* 
Kiister and Mvinch state that the method is Correct to liithin ±0 0001 
of the sp. gr. Tablcr of speo'fic'.gravities qf sulphuric kei^and of 
hydrochloric ^acid, between the 'limits of Njio and'IVji solutions, 

’ /. Amer. Ckin.-^Soi., <901, 23, 12 and 343. , , * 

2 J. .Sic, Ckim, htH., 1905, 24, 396j y. ang'w. Chrm., igoS,*'!?, 1520. 

*/. C'Cem. .Sic., 1897, 73, 658. , L/ 0 / 4 cm./«)., 1900, Ip, 952., 

' Z . angew. Chtm., 1904, 17, 710*^ /. .Sic. Chtm. / ml , 1904, 23, 8 S 7 . ' ' 

1 Z, angm, Chtm., 1904, 17, 57J. . ”y, Chnn, .SV',, i860, 13, 128. 1 •' 

" J. Amtr. Chtm. Soc., 1910, 31, 390. J.Soc. Chtm.Ind., 1900, 19, 4 ; 1902,21, 1511 . 

>' Chtm. Ztii , 1902, 26,1055; Btr ., f9o^5, 38, ist. • ' ^ 

Btr., 1905, 38, 150 1 Z. aiwrg. S4-m.,'i905, 43, 373. ' ' 
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• have also been prepared by Wortlen and Motion;' such tables may 
very well be used for the approximate adjustment of volumetric 
solutions. 

Quincke “ has proposed a method, depe’nding upon^the measurement 
of oxygon evolved from "potassium ferrocyanide and alkaline hydrogen 
peroxide. * 

There are several methods, in whicfi an add substance is taken as 
the basis, by mean;?of which an alkaline solution is standardised and the 
latter then employed for standardising a normal acid. 


The. most important of the compounds ipscd in this way is oxalic 
(TfjVf, the val%; of wlfich,^s a bajis for acidimetry, has been advocated by 
Mohr. It is, however, very difficult tp iirfipag;/oxaHc acid quite pure, 
and with the definite proporticVi of vvatci«corrcsponding to the formula 


H.,C.,0,|.2H.30. jrhis'difficult^ is by mf^neaus overcome by Ilampe’s 
•suggestion*’ t® use t,he extremely hygroscopic anhydfous acid, which 
sublimc.s at too", instead of crystalUscd oxalic acid. Of the numerous 
^methods pro|)osecf for tlv.: preparation of pure oxalic acid, that of 
C. ^inkier i.s, most IvgfcV used.^ 500 j^. of commercial oxalic 
acid are dissolved in ati equal weight of boiling hydrochloric acid 


of sp. gr. I'oy, in a [)prcclaih*basin, the solution placed in ice water 
•and allqw^d to i'l^stalli.se, with'cpMiniftrf stirring; the finely crystalline 
mass is transferred to a fmjnel, provided with a plug of glass wool, 
* allowcA, to •drain, and Vashed’scvctal times with hydrochloric acid. 
It is then rcdissolvcd ,in**pure* boiling hydrochloric acid, again cooled 
vVith continual stirring, ttlic crystals filtered off, washed with a little water 


and recrystallfced by dissolving in just the requisite amount of boiling 
ft'ater. The finely crystalline mass thus obtained is again washed 
and tire u'hole treatment is repeated two or three times. The final 


product is left to fl»y in a cool place, the drying mntcrial being repeatedly 
changl-d.* Thus prepared, it is fre'e from chloyne and mineral matter, 
but still‘ebnfains enclosr^l liqiiicl, and must therefore* be dehydrated 
b 5 IT)rc*usc.* This R best efftWed hy arising tor five to sitx hours at 60°, 
as oxalic acitf volatilises lo a cohsidcrible extent at loo". Thexiry acid 
having»thc formula must naJuTally be keijt in tightly closed 

‘bottles; w'hcrkit is to employed for standarflising purposes, about 
vt^ghei out into each of^scvcral weighing tubes, again>]ricd 
for seve?:f hours St 60" lo 80“, allojyed to cool in the closed tubes, and 
theft accurately weigUe^* , , • ' 

To carry out the method, a noj-mal alkali is fifst standardi.ied with 
the o^li(>ackt and then usi?d for adjusting the strength of the normal 
.acid ; the qiethod is, thereftrs, indirect, afi(> accordingly liable to small 
unavoiduUe errors which do.not arise'•in direct standardisation. 


^ J. Soc. ind.^ 1905, 24, 178. • Z. aiMlH'hem., 1892, 31, I. 

^ Chem, Zett,^ 1883, 7, 73 and 106. • * ?« der Maminulyse^ 3rd edition, p. 6q. 
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G. Bruhns' states that the most ac(;nrate method of using oxalic acid * 
as a basis for alkalimetry is to titrate its solution with alkali until it is 
nearly neutralised, then to add sufficient calcium chloride to precipitate 
the whole of the^ oxalic acief and to ‘completa the titration after the 
addition of methyl orange. * 

Potftssiuin (etro.ralatc is' regarded by many as a more reliable 
basis for alkalimetry.' The' crystallised salt has the formula 
KHQOj.H^CjO^.aHjO; its employment was -ffi-st suggested by 
Kraut,- and subsequently recommended by Ulbricht and Meissl,® and 
by Meineke,* whilst Weljs,'’Hinmann," arid Dupr^ and Kupfifor^have 
criticised its value adversely. The Ttetroxalate has ,:been again 
strongly recommcndcch by _J.,Wagner,® who frees it from moisture by 
pressing between blotting paper, instcacl'of by standing over sulphuric 
acid, as recommended by Meirv^ice, and emffoy! itSn the air-dried state. 
The tctroxalatd is used for standardisfng barium hydrexide with 
phenolphthalein as indicator, and •Hie strength of the normal acid 
adjusted from the hydroxide.® The same method is recommended by 
Kiihling.w j^ungg n ^ pu^n^er of experi¬ 

ments, he has not succeeded in obtaining .pot&ssium tetroxtilate with a 
constant proportion of water-correspondih^ to the formula ^iven above. 

F. W. Babington and A. Tingle “ h^ :p liscd tdriaric tii.d salicylic acids 
as basic substances for standardisfng bji'diim hydroxide with good 
results. ^ ' 

Objection must be made on principle to standardisation with oxalic 
acid, potassium, tctroxalate and all other stibstancc.s, such as potassium 
bi-iodatc and cream of tartar, with which phenolphthaLin is used as 
indicator, when the normal .solutions are subsequently used with methyl 
orange. 

Potassium In-iodatc lias been recommended as a basis for the direct 
adjustment of normal sod,ium carbonate by Meineke ” and by H. Crato,“ 
and potassium hydrogen tartrate has been recommended a.s h standard 
by Borntrager;’® „ ^ ... ■ 

Norural oxalic acid is .still used by some chemi.sts, and ij required 
for a few purposc.s.^uch as the examination of Weldon mud. 'iticannot 
be employed with methyl orange as indicator,gind even for the estima-' 

> j. prakt. Ctum., 1916 (ii.), 93, 73, 3i2(,, /. Sr . Chrm. It J., 1916, 35 908 ; I 9 I 2 £^* *45. 

2 Annakn, 1863, 126, 629. ' ^ Z. pnah Chem., i887j 26, 35V 

* Chm. Zeii, 1095, 19, 2. ^ /W., 1894, 33, 456. * 

0 7 .. anal Chem.^ 4^93, 3c, 453 - 7 . angew! Chem., iqo2V 15, 352. 

^ Proc. ^th Jnternai anal Cong! t’ss for Ap/'lid! (lhf>.ttsly\^ ^ 

** J. Wagner, private conimunication. • ' * 

7 . angew. ChenUy 1903, 16, 103CI ; t hem. Znl, 1901*, 28, 596 .Tni 6 r 2 . 

Z, angtw. Chem.^ 1904, 17, 227', Chem. Zeit.^ 1904, 28, 70J^. 

1* J, Soc. Chetn. Ind.t, 1917, 36, 1203. 

Chem. Zett.y 1895, 19, 2- * Massanalytische Tafel.i. • 

J® Chem. Zeit.., 1881, 5, 519; 7 . ana^.^Che '.n.^ i88(f, 25, 333,; 1892, 31, 56; 1894, 33, 713. 
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*tion of the hydroxides of^ the alkaline earths, in the presence of their 
carbonates, it can be completely replaced by hydrochloric acid.' 

It is prepared-by dissolving 6?,-03 g. of, chemically pure crystallised 
oxalic acid in one litre fo*| the normal acid, and correspondingly smaller 
amounts for the weaker acids; since th^ preparation of absolutely 
pure and dry oxalic acid, according to the mpthod detailed on p. 53, 
is so troublesome, pormal oxalic acid for use should be prepared of 
approximate strength" from the"ordinary “ pure’/ acid, and the strength 
determined by titration with accurate normal alkali. 

The Vn(?re conceijtra^pd soli^ions, including the Nji acid, are fairly 
stable ; if st^ilised, they can be kept in the ,^lark for some years 
without alteration in strengt^i. Ver^ dilble*" solutions such as the 
NjlOO acid, used *n water‘pijarysis for Jlie determination of "organic 
matter,” keep oi>ly for a very, short timc,*and must be .prepared fresh 
Sn each bccksidn. .The strength can, of course, readily be determined, 
at any time, by nitration with sbtlium hydroxide, using litmus or 
^phenolphthalein as indicatbrin order to obtain accurate results, the 
solution should'bc boiled^ with a flight cxce.ts of sodium hydroxide, 
cooled quickly, and titrated b,^k in- the cold, in order to avoid error 
owing to the presence Jf.sodiui^j c^i;bonate in the hydroxide. 


Thq, Strength o,f -Normal Acids. 

• * , . . I 

In works, Njl acid .Is used for controlling working proces.ses and for 
many laboratory purposds; the change of colour of the’indicator with 
acpl of this strength is very sharp under all circumstances. Its use 
necessitates taking a correspondingly larger amount of substance for 
analysfe, and in jiractice, a sufficient ilegrce of accuracy is attainable, 
with less carcj'ully*calibratcd wcigjits and mea.siiring vessels than are 
used lor bther work. It is, however, often iS;cessary ,to work more 
accurately, and there is then the choice of I, !, or ,',r N acid. These 
are most readyy prcparud by dilptton of the normal acid ; the strength 
of the dil^Jted acid must’always bp cficcked as directed on p.^jo, for 
p-hich purpose I’OOO top-^jc^. of sodium carbonate^ is freigh^d out for the 
Nfz acid, <^4 tcfO’5 g. for Ac N/^ acid,a«d o-2 to 0-25 g. for the A’/iq acid. 
It i3*ilnciesi?ablc*tg have,t»o many.!loraial solutions in use, and usually 
one other acidb)esidcs the 4 iormab>tfcid suffices; iV/5 aci^ is the best 
strength for tlje dilufe otid. Very little is ga’necj by using Nj2 acid, 
instead of the normal, and N^io *ctd is too dilute to u»e as theVeaker 
solutiofi; Ift least twb drop^ of it are required to bring about a sharp 
change of colour, so‘that it is really not more accurate than acid, 
only one’ dlop of which Is roquhed td effect the same r,esult. Titra¬ 
tions to wHthiii one drop of an.A’/5 soAHon (o-oc to 003 c.c.) are as 

- Kiister, Z. anurg. Oiern.^ 1898, 18, 127 J Lunge,M. aiigew^ Chem.^ 1897^ 19, 47, 
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near as can be relied upon, taking into atcount the lack of sensitiveness ' 
of many indicators and other sources of inaccuracy. 

In works, a large quantity^of normal acid is usually .prepared at once, 
say 50 to 60 litres, the capacity of an acid carboy. For laboratory use 
it must, of course, be transferred to smaller vessels, such as stoppered 
bottles, holding at most 5 litres; this is preferably done as soon as the 
acid has been standardised. If,'however, the carboy has to be emptied 
gradually, care must be taken to stopper It well, and to shake thoroughly 
before use. The smaller bottles must also be well shaken once a day 
before use, since water may evaporat^ and condense in 'the upper 
empty part of the vessel. • P' . 

The equivalent of I'^'.c. of [,» 1 , and IV acids, in grams of the 

substance to be estimated, is diven in tht followincr table:— 

- 1 ' , f 



Nil 

jV'I! 

' Nl- ‘ 

' a'/10 

Potassium Hydroxide . 

O'OSOU 

0.03805 

0-01122 

0*005611 

Potassium Oxide 

0'04710 

0'02;l5l» 

0'00912r 

0-004710 

Potassium Carbonate . 

0'06i)10 

0'034.15 - 

0*01382 

. 0-006910 

Sodium Hydroxide 

0*04001 

0*020005 

0'008002 

0*004001 

Sodium Oxide 

0'03100 

o'tilsrio 

0*00620 

’0*003100 

Sodium ('.irbonate 

0*05300 • 

- 0.-02060 

0 OIWO 

0;905300 

Barium Hydroxide . 

0-08509 

’ 0-04284 

0-017lf 

0‘00:.5(I9 

Barium Carbonate 

0*09808 

O'Oi'i'U 

0-01971 

0-009808 

Strontium Hydroxide . 

0-0808'.! 

0*03041 

o*oi* 2 ii: 

0*006082 

Strontium Carbonate . 

0-07382 

0*03691 

0'0l47l> 

O'Of/382 

Calcium Hydroxide . 

0-03701 


0-007403 

0*003704 

Calcium Oxide . 

0*02804 

0*01402 

0-005608 

0*00*2804 

Calcium Carbonate 

0*0:)004 

0*0*2502 ' 

0*010008 

0-006004 

Magnesium Oxide 

0-02016 

0*01008 

0-0040321' 

0*002016 

Magnchiurn Carbonate 

0*04216 

0-02108 

0*008432 

0*()04216 


Standaud-Ai.kai.is ? 

The hydroxides of sodium, potassium, ammonium, and barium are 
employed as standard alkalis of these, the fiiTt is most largely used. 
The onTy reason for using the rriore expensive potassium hydroxide is 
that it has rather less action on glass. '' ' 

Ammonium hydro.xidc has been recemmeoded as a .standard alkali 
because it does not readily ab>;oru carbon .dioxide from ihe "af.'''and 
has no action on glass. These advantages, the first of which is only 
relative, are, however, counterbalanced by the tendency of the solutions 
to give" up amnionia. Even N/l ai.diA 7 '; solutions alter in strength 
so rapidly that they cannot be used for any length ol tin.c without 
control; such solutions shpuld not be allowed to stand,.even for a 
short time, in burettes which are not thoroughly shut off from the air. 

Barium hydroxide, which absorbs carbon dioxide from the air, 
giving a precipitate of the. '■arbonate, can only be used when all the 
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jsual precautions are taken *to obviate this source, of error. It is 
difficult to prepare a normal solution and still more difficult to keep 
its strength unaltered, so that a correction factor has always to be used. 
It is only in certain cases that the advantages of barium hydroxide 
are sufficient to counterbalance these drawbacks, as, for example, in 
the titration of weak acids with phenolphthalein, since, unlike the 
hydroxides of potassium and sodium,’it can readily be obtained free 
from carbon dioxide. • When- this is of no advantage, as in all cases 
in which methyl orange is used as indicator, nothing is gained by 
its use.- • . 

. Kiistcr Vnd Gfiiters’ recommend that barium hydroxide should 
always be used for accurate dctcrjnination-T''' with phenolphthalein, 
because potassiam and •sodium hydro-xidcs give uncertain results, 
owing to the variaMe iimbhnts of coiff-tincd carbonate. 

• Soiiiiun J/ydroxitie .— In technical laboratories and even for most 
.scientific pui|jose,s-; the commercial white caustic soda may be used 

• directly for preparing thiV solution, since the impurities usually present, 
suclj as chlorifle, .sulphate;'silicate, and aluininate, very seldom affect 
the result.* Sodium hydroxide in .slicks, purified by alcohol, answers 
all requirSments. The c.x'| 3 en.sive product prepared from metallic 
sodiunj Contain.s not only so'd,ii!<n carbonate, but sometimes gives a 
flocculcnt residue on solutkin. A similar residue is often obtained 
when sifdinftry caustic soda is used, and a sample should therefore be 
selected which dissolve.^'in water to a Clear solution; otherwise the 
.solution must l)c allovrcd to settle and the clear liquid decanted. 

To prep.-fte normal sodium hydroxide, clear transparent lumps of 
*thc best white commercial caustic soda are picked out, any opaque 
-part* on the surface scraped off, and 50 g. weighed out for each litre. 
It is then dissolved in water, made up to the-litre at i 5“, and 50 c.c. 
of ttti^ •provisional solution titrated with ?ccuralcly normal hydro¬ 
chloric WidI using methyl orange as indicator. If n c.c. of acid arc 
fiifecf^'the’mimbcl of., c.c. Tu' the preliminary alkali, which must be 
diluted to a litre with pure water td obtain accurately normxl sodium 

• . . 50 X 1000- , )■ . - - 

• hydroxide, is ' 

' c 11 \ ■ 

• We'Selutit/ii must, of course, bn titrated ag^in to check its accuracy. 
More effiute solutions are similarly prepared. 

• lIousfTeld and .Lqv'ry ” havq .-ihown that standard solutions ol 
sodium hydroxide can be prepared from metalliccaodium. , Kuster-'' 
has ^ilsck described a method .lor th.c ■preparation of pure sodium 
hydroxidg solutions from'the metal. 

It -is* not advisable to prepare very large amounts of sodium 

' Z. afm-g. #/;<■«., 1903, 35, 459 - Tyims., igoj, 204, 253. 

’ 7 ., anorg. Chtm., 1904, 41. 472. /■■Xoc. C/X’m. Ifd., 1904, 23, 1027 ; 1906, 25, 982. 
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hydroxide at once as a stock solution, because it slowly attacks the 
glass and alters a little in strength. In order to obtain accurate 
results when litmus or phenolphthakin are used as indicators, the 
hydroxide must be prepare(j free from carbofl dioxide, and when in 
use, especially in the burette, must be carefully guarded from contact 
with this gas. . 

There is, further, no object in*preparing an alkali hydroxide solution 
free from carbon dioxide^ unless its re-ab.?orption' Horn the air is care¬ 
fully guarded against, when in use. To effect this, the solutions should 
always be prepared and diluted with boded, carbo* dioxide-fred water, 
the titration should be made, as far as •[rossiblc, v^'ithout tl'ceess of air, 
and the burette and V:.pply-<vc*scl should be guarded against the 
absorption of the gas. ^ ^ 

Gla.ser' and others contend that the qrrors due to ^he small quan¬ 
tities of carbonate contained in solutions of the alkali- h/dro'xicies and 
to the carbon dioxide absorbed ffdm the air durjng .titration, are 
practically negligible when litmu,s or phenolphthalein are used as 
indicators, and may be difregarded. ^Exper,iments by Lange “ and by 
Raschig,^ however, show definitely that this is not the case. 

For comparatively rough’work, ^conyjletc piotecUon against the 
absorption of carbon dioxide is'unniciessary when litmus or i}hcnol- 
phthalein are used as indicators; if methyl?:itangc is used, such protec¬ 
tion is not required, even for accurate work. Witli the latter in/licator 
sodium hydroxide cannot advantageously be' ’•eplaccd by a solution 
of sodium carbonate (53'05 g. in a litre of'water at 15° for an 
Nji solution); for a solution of sodium carbonate also gracuially attack," 
glass, even when cold, taking up a small amount of alkali, and further, 
the solution creeps up and evaporates at burette jets and on the hieck 
of flasks, thus giving ribc to serious error.s, unless this action is con¬ 
tinuously watched. • 

Potassium hydroxide solution is made up similarly to sodium 
hydroxide, allowance being* made for sts )iigher»molecula|'weight and 
also for the greater proportion of irqpuritics fhat are gencr«(lly con¬ 
tained, in wcighingi. out the qkiantity reqrti»cc^ ^or the preliminary 
solution. ' * ' 

Baiium hydroxide solution is u,sua 4 l^ madeiif,em[3irjcal .stfen^h.^as 
the commercial product always contSkis bariiim carbonate? To prepare 
the solution abo'ut 20 g. of*thc crystallised hydroRid(?(I!a(OJd)2 -f SHjt)) 
is dissolved in a'‘\litre of water, .and* ajiout i g. of bjrium chloride 
added in order to remove an^ alkali*hydro^ide thftt may be'ppOBent. 
The slightly turbid solution’js allowed to settle, aifd then cyphoned 
into a bottle through which "a current of aif frtft from carborf dioxide 

* Indikatoren der Acidimefrie und A!ia$nie/rify p. 2«. 

^ Proc. 5M Congress Applied Chemis^e^\ ^ angsw. Ckem., 1903, 16, 820. ' 
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has been previously passed, and jvhich is fitted with; a syphon tube 
and with a guard tube containing soda lime. 

In the following ’table the analytical value of and normal 

solutions of alkali are given, expressed in grams per c.f. of solution;— 



A’/l 

• 

. w , 

jV/6 

If/IO 

Hydrochloric Acid 

0-03'647 

0 018235 

» 0’007294 
0-012604’ 

0-003047 

Nitric Acid .... 

0-06302 

0’03ir>i 

0-006802 

Sulphuri®Acid . 

Phosphoric ^cid ' • • 

0t)4904 

t 

0-02152 

0-009808 

0-004904 

► («) WitIPMelhyl Orange 

0"07»04 

0-03.^52 

0-014208 

0-007104 

,, Phenolphtlialein 
Oxalic Acid- 

0'I)3.i52 

0’0l77fl 

/0-007104 

0 003552 

0-0Q303 


0-012C0G 

0-006303 

Citric Acid'-^ . * • 

• 00?«0I 

! 0-(^.500.5 , 

0 014002 

0-007001 

Acetic Acid. .• »\ 

• 

•(»O0ooi 

• 

04^002 

0-012003 , 

0 006004 


I Tim valtips i^lvpn nr#) for tliu uiliyflrido I’oO.v . 

" TowfirtU litmuH and plienolphLlialPln; the valT*«'»K>veii are oalcutabod for Llie crystallisod acids, Includ- 
^Ing tlif) water of crystifllisatiln for oxalio and citric acids. 


Potassium Permancanate 

A solution ot pot.'fssium pprnjanggnwtc is used for oxidising pur¬ 
poses, ih which it gives’up fiye-tigliths of its oxygen, according to the 
. equation:—, ^ » * • , 

2 KMn 04 + -‘K^SO, -I- sMnSCT, + 5O + 3H2O. 

Referring to the ex|-,^anation given on p. 45, it will <bc seen that a 
nprmal solution would yield O'OoS g, available oxygen per c.c., and 
would be obtained by making up 3i'6i g. pure potassium perman¬ 
ganate to a litre, A solution of this strength would, however, be liable 
to crystallise at Icxrv temperatures, owing to the’slight solubility of the 
salt; hgnee solutions stronger than A72 are i;^ver prepared, and much 
more^dilufc ‘solutions ar^ very frequently used, r,^,, A^io, Njio, Nj^o, 
or*evcn JSTjioo, The *isc o 1 *suoh dilute solutions is Consistent with 
accuracy^ince an indicator, iiTthe oTclinary sense of the term, is not 
^used ; Tor in the permangailnte soliitioji,*the very inlcnsc colour of the 
MnO', ion is iedepenefent of tl>c corresponding positive ion*H • or K etc, 
Th 8 «ifljm 3 * will'of cpurse^rcmaiif^aolojirlcss as,long as the MnC^j ion 
is destroj^ed awd convertcc^ into oyver colourless ions, according to the 
abiJve reaction; at incest, the soluiiqp will assume a slight coloration, 
owing to the formation of ion^ from other subsfancdB taking, part in 
the r»action, tbe formStion ef tervahent from bivalent iron. In 
, the dilute, solutions used fefr these titrafions such colorations are 
extremel}# slight, and disappear- altogether" when compared with the 
colour of Jhe permanganate iom An eiy^s of even one tlrop of Njioo 
permanganate solution iip 100 c,e. or Tior,p^ water, produces the intense 
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purple, or in sipall quantities, light-red colohr of the permanganate 
ion, and thus indicates the end of the reaction. 

The main reason for using the standard solution fairly strong 
is, that otherwise an inconveniently large volume of the solution 
would usually be required to complete the titration. Another reason 
why very dilute permanganate solutions should only be used in 
exceptional cases, is thdt perm'anganate acts on the impurities which 
are present even in ordinary distilled water, and its available oxygen 
is thus decreased. A freshly prepared permanganate solution should 
therefore never be used .immediately, but should, be left td stand for 
eight to ten days, before it is standardised; the impi^ities in the 
water will then be cV^^pletfly,,oxidised. No appreciable error is 
incurred if a permanganate solution is’diliited with 'ordinary distilled 
water and used iW dilute permanganate,solutions should 

not be kept in stock; strong solutions (at least ,i/}0 normal) should' 
be prepared and accurately standardised and diluted tp Nj20, A'/jo, 
or Njiao for immediate use, accorjling to requirements. ' 

Oddy and Cohen ‘ st^e that permangaii,ate, solutions-lose 2 to j per 
cent, of their oxidising value in four months,'whether exposed to light 
or not. Their observations, however, are'insuffi,cvent in number and in 
accuracy. Treadwell- found' thaU'^'well-protecte'd permasganate' 
solution lost only 017 per cent, of its oxid^.sing value, after keeping for 
eight months; he recommends that tfie, solution be re-fttan^ardi.scd 
every two or three months, if great accuracy*,is, required. Lunge has 
observed a decrease of 0-2 per cent after three months, and agrees with 
Treadwell’s recommendation. * 

Permanganate titrations are generally carried out in sulphuric acid 
solution. Hydrochloric acid has the great di.sadvantigc of acting on 
potassium permanganate, even in very dilute .solutith, cjilorine being 
liberated ; hence solutiots containing chlorides cannot be titrated with¬ 
out special precautions. This point was inv(,'stig.atcd by' Kesslc^ and 
subsequently by Zimmermann, who'- sho'wed that perfect accuracy is 
attained^ provided a fairly larg'd quaiitity of' manganous s«|phatc is 
added to the liquid to be titratqd; a soluttoia containing 200 g.'of the, 
crystalli.sed salt per litre is used, and about 2a c.c. of thi». sohtion are 
added:® This has sinqp been cpnSr.mcd by^J. A, N.'FriCri^’^S.* C. 
Jones and J. H. Jeffery,® and others.^, „ 

‘ Pure dilutb nitric aoid is, likp ijulphuric tqid; indifferent to j)er- 
manganate; theflowbr oxides of nitrqgen, however, {eouce perman¬ 
ganate, and this action affords the best method for their e'stimctio«. 

' J. Su. Chtm. Ind., 1890, 9, 17. ‘ ® Audyhcal {'himishyX^'a edition, 1919, w-l. ii., p. 603. 

^ For an explanation of this action, if. J. '^^gncr^Massunaiylacht Stvdufi, p. 77 ; Gooch and 
Peters, 2 . amrg. Chtm., l 899 f 2 I, l 85 i SIAabal, 2 . ami. Chtm., 1903, 42, 359. 

• J. Chtm. Soc.f 1909, 95, 1228. < ' ■' Amlytt, 1909, 34, 306. 
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A normal permangattate. solutifn cannot be prepared by simply 
dissolving a weighed quantity of potassium permanganate and diluting 
to a definite voluijre,'partly on account of the above-mentioned action 
on distilled water, and patrtly because the “ chemically pure ” commercial 
salt generally contains a little potassium sulphate, chloride, nitrate, or 
other impurities; it cannot be regarded'hs too per cent. pota.ssium 
permanganate, although Gardner, North, and' Taylor’ have asserted 
the contrary. For these reasons, a little more than the calculated 
amount of the salt is weighed out (about l6 g. for fV/2'solution, 3-2 g. 
for Njio solution, etc.); this is made up to i litre of solution at 15", and 
left to stand i.or aboilt a week before standardisation. " It is not advisable 
to dissolve the salt in the litre flask^ a.s the, ,j'fescnce of undissolved 
crystals may easily be overlooked, owing the dark colour of the solution. 
The weighed qu^ntit/of'thc .*lalt is preferably dissolved in warm water in 
•a beaker, the solution poured^into the litre flask, and any of the salt that 
may have remained behind in the-Ueakcr then dissolved in more water. 
• Very many methods have been suggested for fixing the strength of a 
pernjanganate folution; ,orfl^"a limited numbc.r of these can be referred 
to, and onlj^ a few will bd'clcscribed in detail. 

Soren.sdli has shown, howK'er, that sodium oxalate can be obtained 
1 quite p,ur1i and free from hyg^'ys&opic'water, and his recommendation 
of this salt for the standartHfation' of permanganate solutions has been 
fully coyfiriffcd by Lunge (cf. Infralj.' 

I. Sodium Oxalate iflethod. —The use of sodium oxalate was first 
recommended by SorciT-sen" {cf. p. 49). It has no water of crystallisa- 
tipn, is not liygroscopic, and as it can be obtained in a very pure 
Condition is especially suited fur the standardisation of permanganate 
solutions. For accurate work the salt must be placed for a few hours 
in a drying oven'st 100“ and left to cool in a desiccator, over calcium 
chloride.* It is then weighed, dissolved in water in a flask, and titrated 
in sulphuric'add solutiqn at 40-50’. Ten c.c. Ayio*’potassium per- 
n1d1iga*natc*.sohitioft cor^'cspoMl to/67 0‘5 mg. sodium oxalate, or o-i g. of 
the latter,to 14-91 c.c. of^ the former. 'T.ungc^ and M‘Bride ' h-ave con¬ 
firmed* trfe accuracy of tijif method, recomineiid it, in preference 
to all others, fcr the sta*>dardisation of permanga"nate. 

o?talatcs that.have'^beeji proposed, Kraut''' has racom- 
tctroxala^e (p, 54)? Kust,*' manganese oxalate^ prepared 
by«preciprtation and .dried betvv;eep filter paper, and"" Barbieri and 
Neppi,/errous gxalaic. ' ' 

• • 

# ^ # • 

^ J . iW. ^ hem . / mi ., igo3, 22, 73*1. • “ Z. amii . I903i 42, 352, 512 ; 1906, 45, 272, 

^ Z. angew, Chem., 1904, 17, ^30 and 269 ; 1905, 18, l^»o. 

^ Bull. (J.S. Bureau of Standards, 1 ^ 13 * 8 , 611. 5 ,4 «?/(;//;/, ^863, 126, 629. 

® Z. anah Chen^, 1902, 41, 606 ; J. Soi. Chem. Ituk, *902, 21, 1413, 

Rend. Soc. Chim. Roma, 3, 
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2. Oxalic Afid method.—This .method,'proposed by Hempel, is' 
based on the oxidation of oxalic acid, in presence of sulphuric acid, to 
carbon dioxide and water 

< < 

SC,jHp., + 2KMnO, + 3II.SO, = 10CO3 + SHt'D + ICSO^ + 2MnSOj. 

The reaction proceeds slowly in the cold, rapidly at 40° to 50°; 
even at this temperature the* first drops of permanganate arc not 
immediately decolorised. When once the reaction has started, however, 
it proceeds rapidly, owhng to catalytic action of the manganese salt; 
the drops of permanganjite are then decolorised Jhe instant they reach 
the liquid, and the final colour changeifrom doloitrless t®-light reel, is 
sudden and very shariV,,^ , „ . 

The above equation showc that 5 x.yo-03=450-i5 parts anhydrous 
oxalic acid require So parts cv^ygen ; hente one part anhydrous oxalic 
acid corresponds to O'17773 parts oxygen. This refers to anhydrous 
oxalic acid, whilst normal solutions.o’f oxalic acid are'preparcd from the 
crystallised acid C„11.^0,,. 211^0, molecular ..weight*" 12 j^-o 6, equivalent' 
63'03. As Rieglcr' has pointed out, siandefrd oxalic; acid solqtions 
may be rendered more permanent by an acldhion of sulphuric acid and 
by protecting them from light; nevertheless, tlj,esc prccatAions by no 
means ensure absolute permanence isf the solution. 

If it be, nevertheless, desired to' use j.bis direct method, results of 
any practical value can only be obtqincid by lining perfectly aij’iydrous 
oxalic acid, purified by <he somewhat tedious inethod de.scribed above 
(p. 53 )' But even when the method is thus modified, it is impos.sible to be 
certain that the results will be absolutely reliable. On Uhe other hand. 
Lunge® has shown that accurate results are obtained by preparing a 
solution from pure, ash-free oxalic acid and determining its strength by 
first standardising A75 hydrochloric acid with sodbun carbonate, the 
acid being then used to .correct a A 75 barium hydroxide solution'which 
in turn is u.scd to titrate the approximate oxajic acid solutioii.' 

The permanganate, thus .sfaiidai'liscti, shoyld be used' at dace 'lo 
determine the value of a stock oC iron'wire by method N*o. de.scribed 
below. When- it i^ subsequently required tt) (Standardise pern^aaganate 
it is more cbnvenient to titrate against this,.'iron wir^ than against 
oxalic'acid, since the permanence of the latter cannot bt; relk^o tqjt'x. 

3. Iron method. —^^cry fine soft iron wire'is'used ds the ba'sfis of this 
method ; it sh'ould be cleaned with eipery paper, and rubbed with writing 
paper bpfore weighing. It is, of coussq, not pure iron ^n'd may contain 
0-3 percent or more of impurity. As«TreadWcllhaspointt?d ouf, thjsdoes 
not imply that the value of the wire is equal to that of the contained 
iron; on the contrary, it' may .exceed 100 iper cent, owing to its 

(1 ‘ 

^ Z am/. CAdw., 1896, 5 SA 522 ; /. Chem. Soc. Abstr., 1896, 7c, 676.' 

^ ''f. angew. Chem., 190^1^ l7,/i68. 
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•content of carbon, silicon, phgsphorus, etc. To avoid errors, which 
may be considerable, its value must be determined as described below. 

To check an jV/ 2 permanganate solution, a piece of wire weighing 
about 1-25 g,, for an N/^o solutiiJn a piecs weighing about 0-25 g., is 
weighed to within o-oooi*g. The wire is then stretched out, its length 
measured, and a number of pieces of the same length cut off; these can 
then be very rapidly weighed, as their»appro 3 «matc weight is known. 
Each piece will rcqtrire. nearly, but not more than, 50 c.c. of perman¬ 
ganate solution. • 

The w^'ghed wire is then*dissolved in hot dilute sulphuric acid, in 
ab.sence of ai^; this «iay»be effected in a flask fitted with a Bunsen valve 
or in any similar form of apparatus^ ^ 
or a flask provided with ^ ti4)e, bent , 
twice at right-angles anchdi^jping into a 
l;)eakcr contaiging sodium bfearbonate 
solution, may be iffeed. If th?; flamt is 
j:enioved whcji* thi* iron hjis dissolved, 
the bicarbonatc^solution is siwkcd back 
and cools J:hc contents^of the flask, 
whilst the c«rbon dio.xi^e evolOid keeijs 
put the ak.' The devicb (Eig'.»20^*cle- • 
signed ty Contat® and iigyrovdcl by 
'Gdckel,*,is niuch morc.ctinvenicTit tli*in 
any of *the above arrangements. It ' ■ 
consists of a bulb provided with a 
.syphon overflow tube, which is fitted ‘ 
into the flask in which the iron is dis¬ 
solved. The amount of water or sodium 
bicarbonate solutson, placed in the bulb 
at the. bijgim/ing of the e.xperiment, should be such that the end of 
the Ion^ffr*a(tm of the syphon ju.st dips below its surface, and this 
lev»l nc 4 alteroil until l»:»ilin^ is* ^nishpd ; a saturated sodium 
bicarbonate s^ution i.s thnn poufed into the bulb, which will be sucked 
into th^ liask as the conteijt.s cool, iintiJ the pres.syrc of the carbon 
dioxide balam^s that’eff the fir; the*solution remaining’in the bulb 
prol#jter*f*j contents of the flask ffo;n the air. 

The Mandafdifiatfon Vn permanganate by means of iron has been 
lubjocted to detaile 4 inyesiigation by Skrabal.'^ He feund that the 
apparent valuft of a sample of iron wire, when determined by per- 
mangmiate, wae 1004)3 to ico-2i per cent., whereas the actual amount 
if iron Vcvitained was only 99-38 per cent, (together with 0 03 P, 

' Jaliod.i,*Z. imftw. Chtm., ilsg, li, «/. ' Chem. Ziit., 1898, 22, 298. 

“ Z. angeio. Chgn., 1899, 12, 620; /. CUm. 1899, l8,Jo8. 

Z. anal. Chem,, I903, 42, 359. 
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0-31 Mn, 0’I85 Cu, 0023 S, 009 C). He thefefdre rejects the method 
as unreliable, and uses either chemically pure iron, or iron wire of 
known composition, i.e., of definite value; the iron is dissolved in 
sulphuric acid, 15 c.c. Njio permangknate added to the warm solution, 
which is then left to stand over-night in a Varm place, whereby the 
carbides are completely oxidised ; concentrated hydrochloric acid is then 
added, the solution heated to‘boiling, reduced with zinc, and titrated 
with permanganate. These direetions are doubtless good, but uniform 
and correct results can‘be obtained without this complication, provided 
due care is taken to adhere to the same condition^j of dilutian, heating, 
etc., both in standardising and in the sfibsequCnt ifse of pf nnanganate. 

The cold iron solkMon, i^ titrated with permanganate until a faint 
rose-red coloration is obtained, and domains pennanent for thirty 
seconds; it is not necessary t^at it should be pcrlnanent for longer. If 
the number of'c.c. u.sed is divided into Ihe number which would have 
been required had the permanganate.becn accurately 'normal, a coefficient 
is obtained by which every reading must be (nultiplicd ;’it is prcferabla, 
however, to dilute the solution to the noriiial yaluc. 

In order to avoid the unccrtaiiity due to the composition of the iron 
wire, Classen has proposed- the use ob clectrolytically deposited iron. 
The iron is deposited on a piatini»rn dish, by .elcctroly.sing a solutioi' 
of ferrous ammonium .sulphate coh'tainu'ig ammonium oxalate ; the 
deposited iron is washed with w&t?r and alcohol, dried at 80','to too", 
weighed, dissolved in .sulphuric acid, and thc_ solution titrated with 
permanganate, whilst still in the di.sh. 

Treadwell' also recommends the electrolytic mctiiod, which he 
modifies by depositing the iron on a small cylinder of platinum foil and 
dissolving it in air-free sulphuric acid, in a current of carbon dioxide. ■ 
Skrabal - found o-;o to i‘47 per cent, impurities, including hydrogen, 
in electrolytic iron obtained by Class'cn's method, lie gives an alterna¬ 
tive method for preparing pure electrolytic iron, but according to 
Classen," the iron thus obtained is npt ptnc. ' 

Avery and Dales ' have sho.vn that iron, depo.sited elcctrulytically 
from ammonium ,pxalate solstions, conta/nj 021 to 0-42 per-cent, of 
carbon, and' that a .siliall quantity of iro,n, on.tin averag'? 0 35 per cent'.’, 
is alTays left in solution. Whilst VCrwer and Groll ' cont»titi -Jiat the 
deposition is complete and free from carbon, the re.Sults of ‘rtvery and 
Dales have been fully c®nfirmed joy Kohn, Brj.slce, and h'royscll.'’ e 
Ledebur^ states'that he has ne,ver found the value of iron wire to 

I ' 

^ Analytical Chemistry^ 5lh edition, 1919, v^l. ii., p. ^3. 

2 Z CV/i";/!., 1903, 42, 35gi ‘ 42, 5i6<. 

^ Ber.y 1899, 32, 64 and 2233;- ' , Btr., 1899, 3^, 806 ; Chem. ZeU.^^ igoi, 25, 793, 

® British As^ciatiou Reports^ igoo, p. 174. • 

Stahl und Eistn^ 190^22, 124215 also, Thifile and Deckerl, Z. an^^w. Chtm,^ 1901, 14, 

1233. 
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e^fceed.ioo per cent., and that it.is safe to use the percentage of pure 
iron present as a basis. 

According to Lunge,^ electrolytic iron cannot be reh'ed upon as pure ; 
on the contrary, its use may lead to errors Af several units in the first 
place of decimals. It is i^ery much better to determine the value of 
a large stock of iron wire by means of permanganate, after having 
, previously standardised the latter by ftxalic acid, referred to pure 
sodium carbonate (p.‘ 50). Since .sodium oxalate is free from all the 
uncertainties connected with the use of iron, it forms a far'more reliable 
ba.sis for standardisation than rtie latter. 

4. Ferrou% Amiflonitim Sitphate method. — The double salt 
FeSOj. (NHJ2SO4.6H3O, sometimes c^lej Moj’/s salt, is more stable 
than ferrous sulphate, ,and was'.thereforc^cecommended by Mohr for 
standardising perman^aithte. * The dissoiaing of the iron is avoided 
aad the erroas arising,from the variable amount of carbon in iron wire 
arc eliminated. Stilj^ greater uncertainty is, however, introduced, owing 
t» the presence of water (if crystallisation and of impurities in the 
salt. ^Vhere errors of some* tSnths per cent. :ye not of consequence, 
this salt may be used for'standardising; it cannot be recommended 
for accurate ^ork. Thii value*bf the salt-is 14-24 per cent, of that 

•of iron, f.c.,*almosf exactly one^c\ranth. 

Meinekc'^ also considers rf^rrous ammonium sulphate to be quite 
iinrcliabr^. and recommends the use.of iron alum ; this is reduced with 
stannous chloride, merqp];lt chloride finally aclded, and the solution 
the!n titrated with permanganate, following Reinhardt’s directions.^ The 
amount of iron>-i the “chemically pure” iron alum must be checked by 
pftcipitation with ammonia. Brandt^ has proposed a method in which 
he prepares " chemically pure ferric oxide ’’; this is reduced with stannous 
chloride, and the'resulting ferrous solution used to standardise per¬ 
manganate. Cjintl-'* uses a spiral "of palladiunj wire, saturated with 
hydrogen,reducing agijnt, and prefers this to all oth’er methods of 
rccIMbtio*!. * • 

5. Volh^rd’s" lodimetric mfthod.-^lf a permanganate solution is 

added tA i solution of j)ota.slium iodidet, acidified wit^i hydrochloric or 
sulphuric acid, (quantity«of iodine is liberated, \Ahich is equivalent to 
the SeaiTffik; ojJygcn in the pcUnftnfyinate. The iodine diss'cJves 
in the exSfess oi potassium ^iodide ^elution, anc! _its amount can be 
determined by adding .ceccess of ^oijiuin thi(»sulphate 3 nd titrating 
back with standard iodine solut^ir:— • *- , 

- • KMaiC), -H JKI -H 8 l 1 ci - 5»-H 6KCl*r MnCI,, -H 4ILO. 

T ", ,. • * • - ’• ---.- 

' Z, 1904, 17, 26^. ^ A. (hem., 1S98, 4, No. 13. 

^ Stahl umi^pAseu, 1884, 4, 704 ; ('hem. Zfil., 1889, 13, 323. 

‘ Chem. Ze^., 40,605, 630. ^ •' Z.^r^ew. (hem.j 1902, 15, 431. 

• AnnalcH, 1879, 198* 333 ; 1887^242, 98.^ 
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'this process, {hough theoretically^ quite correct, has the disadvantage 
of requiring two additional standard solutions, on the accuracy of which 
the process is dependent; the unavoidable summation of small errors 
may easily lead to a final 4 rror of several tenths per cent. F. Dupr^' 
states that the method gives accurate results! 

6. Gas-vojumetric, Hydrogen Peroxide, or Nitrometer method.2— 
This method, which 5 s of interest as it dispenses with the use of ^ 
any substance of doubtful purity, is based on'the following reaction 
between hydrogen peroxide and a solution of potassium permanganate, 
strongly acidified with sulphuric acid :—‘ , 

2 KMn 04 + 3IFSO., + sH, 0 ,= + 2MnSO,, + 8 H ,,0 + sO.^. * 

Thus, whichever of the reagyits is not/in exccs^ gives up the whole of 
its available oxygen, and th(s‘ is increased b^ an exactly equal volume 
of oxygen derived from the other reagent. It ,is then only necessaty 
to measure the volume of oxygcivevolved, to rcduiic this volume to 0° 
and 760 mm., and halve the result. The reaction proceeds quite 
smoothly and is quantitative; the solutibns retain no oxygen, since 
they were previously saturated yvith air. Certain simple precautions 
must be observed ; viz., a large excess Oi sulphuric acid miiit be present, 
but not too large an excess of Hydrogen peroxide; the’ apparatus ■ 
must be adjusted immediately the solutions have been mixed, and 
attention must be paid to those conditions which must* be,•observed 
in all gasometric mcfhods,'such as unifoipijty of temperature, etc. 
The latter is easily attained, since the reaction involves no appreciable 
rise of temperature. Lunge’s nitrometer with attached bottle (p. 82) 
is particularly suitable for the decomposition, and by employing it br 
similar apparatus, in conjunction with a “ gas-volumeter,” the caliulation 
of the volume of oxygen to standard conditions is saved. 

Since I litre of dry oxygen at'o° and 760 mm. weighs <-,429 g. in 
these latitudes, and half of the evolved, oxygen cofnes'" from the 
permanganate, every c.c. ofi (he ‘measured .voldmc correspond^ ‘ to 
0-7I4J mg. available oxygen 'iti the'permanganate. lker|ce i c.c. of 
an accurately senyi-nonnal peripanganatc Solution will give 5*5^7 c.c. of 
oxygen (N.'LP.); arf Njio solution will giva i-lig c.c -oxygen per c.c. 
of sofution, and so on. • ‘ r* 

The valuation is conducted •'^s follo\ys: 20 c.c. of perihanganate 
solution ard ajicurately measured, into th« .outer compartmeift of 
the decomposition^ bottle and 30 p.c. dilute sulphuric acid (i : 5) 
added. For A'/iz permanganate, 15 c.c. ordinary commercial hydrogen 
peroxide are then introduted into the inner vessel of the decomposition 

* Z . angiw . C'4'W., 1904, 17, 815. 

^ Lunge,/. Soc. Chem. («,/., 1890, 9, 21. Cf. alao, H. v. Jilpluer, Oslnv-, Zatifur Btrg. inui 
HulteKWiitfiy 44, 371 ; V.innino, Z Chem,, 1890, 3, 80; /. Soc, Chem, Ind,, 1890, 9, 552. *■ 
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bottle, by means of a pipette ;*for. weaker solutions less peroxide is 
taken. A preliminary experiment should be made,-in a beaker, to ensure 
the presence of an.excess of hydrogen peroxide. THfe decomposition is 
then carried out in the usual manner (cf. p! 82), the volume of evolved 
gas read_ after the adjustm*ent of the pressure tube, calculated to N.T.P. 
allowance of course being made for the tfension of aqueous vapour ; 
or the correction may be made by the* gas volumeter. 

The applications of- permanganate arc extremely numerous, and 
include the estimation of iron, oxalic acid and oxalate.s, nitrous acid and 
nitrites in sulphuric,acid solution, potassium ferrocyanide, tanning 
materials, anAhydrogen peroxidt; it is also used ij;idir 5 ctly, for titrating 
back excess of reducing agents, e.g., fe*ro«.s*oxjde in the estimation of 
nitric acid, nitrates* chlorates^ maiganesc t^oxide, peroxides, bleach, etc. 

'iODIiVIfTKY 

• The iodimetric method* of volumetric analysis were introduced by 
Bunsan, and are.now very^^tensivqly used ; tb^y are amongst the most 
accurate known, owing to the^extreme sensitiveness of the indicator, 
starch solutfon, that is*qmployed. 

• Iodine 5 xidises many substaVs/ indirectly, by combining with the 
hydrogen of water, liberjtin^.tlie oxygen, which then combines with 
other coflnpoiJVids present. In other.clses it cogibines directly with the 
hydrogen or sodium in.tUS substance to be estimated, as in the deter¬ 
mination of hydrogen sulphide and of sodium thiosulphate. 

The “ re-suftlimed iodine ” of commerce is a very pure product, which 
m’ay be used for many purposes without further purification ; for the 
pteparAion of normal solutions it only requires to be dried in the 
exsiccator to f|;ee from water. For accurate stalidardisation, however, 
the iodiqi? must be further purified (p. 69). • 

^ An^^/io iodine solutioii is generally used ; it is prepared as follows : 
12-7 g., or a Iktle inore^pure rc-su 4 limed iodftie are weighed out on a 
rough balaiice and shaken into*a Jitrc’fiask containing a solution of 
IS to i^g* potassium io^idc^in about jo’g. water; the flajk is closed, 
shaken till the iodine is completely dis^lved, and ‘then filled up to the 

marl?.* • • 

« •• • 

Iodine solutions should ly kept wi'well-stoppered bottles and stored 

in a*cool place^ the strei^th should be checked about- once a month, 
as the containecl iodine is disiinetly volatile. b*or J^is reasen the 
solutio«,^when*in use, shoujcl be ffept ouf of contact with the air as 
much as possible, and the titrations shoulJi be conducted in bottles 
or narrow-oecked flasks, flot i^ beaker? or dishes; for the same reason, 
the iodine, should be run into .the solu^ian to bp titrated, whenever 
possible, and not vice versa. This do{|S rmt apply to the titration of 
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sulphites, since the action of atmospheric oxygeii on the sulphite must 
be avoided (cf. infra). The volatility of iodine must also be borne 
in mind when gases containing sulphur dioxide or sulphuretted 
hydrogen are bubbled thrftugh io(fine solurion, in order to absorb 
these gases. * 

In conjunction with the? iodine solution, starch solution is used as 
the indicator, and eithet*sodiurrfthio.sulphate or arsenious oxide solutions, 
of corresponding strength, as the reducing solution, 

Starch solution ma/ be prepared as follows :—3 g. potato starch arc 
ground with a little wat,er to a uniform paste, and gradually added to 
300 g. boiling wa,er in a porcelain disti; boiling is contij.ued until an 
almost clear solution IS obtaipcej. This is allowed to settle in a deep 
vessel, and the clear liquid filtnred and sahirated with uommon salt. The 
solution keeps for a considerable time '’if kept in a cool place; the 
addition of mercuric iodide * preserves the .solution. - " 

Zulkowsky's soluble starch a more convenient reagent; it is 
obtained in the form of a thick paste, which should not be allowed to 
dry up; a small quantity is taken out,‘dir the end of a glass rod, as 
required for use. Junk- sterilises starch "solution by boiling with 
mercury. '1 “ 

Iodine solution is generally staiidafdi.sed by an accurate' sqlution of 
sodium thiosulphate or of arsenious oxid'c, the strength of which has 
been fixed by pure iodine (p. 69). " 

Kalmann“ recommends sodium sulphite''for the standardisation of 
iodine. A solution of arbitrary strength is run into the iodine solution 
until it is just decolorised, when the following reaction tdkes place :— 

Na.S03 + 2I + H ,0 = 2HI + Na.SO,,. 

Thus the acid liberated is exactly equivalent to the iodine. The acid is 
then estimated by standard potassium hydroxide, ii.sing methyl orange as 
indicator. The method is independent of the amount of \,atcr and of 
sulphate in the sodium sulphite, provided, '.he latter ie perfeedy fitie from 
bisulphite, thiosulphate, and civcbonatu, a condition difficult to obtain 
in practice. The decomposition goes be.^t when the solu{ioi,’, is not 
too dilute. One c.c. Nj\o alkali hydroxide coirespond^to o-oi26g2 g'. 
iodine. •-u- .. 

S. W. Young’ rccommciKis ^anhydrous .-^odiun. thiosulphate for 
standardising iodine solutions; tartar emetic h;is been proposed by 
Metzl,^and poJ.9Ssiun bichromate by Bruhns'' and others; and arsenious 
oxide by R. M. Chapin.^ , ,1 

^ Mutniansky, /. twa/. C/ifin., 1S97,36, 220. ' * 

- C//erti. Z/v/, 1919 , 43 , 258 . ■' 18 ^ 7 , 2C, 568 . 

* /. Aififf. Chc>n. .S’oi., 1904, 6, 1028. ” '/. tvwf^. Chew., 1906, 48, 156. 

« fhul., 1906, 49, 277 \J-pnUi, 1916 [2], 93, 95, 313 ; 1917 [2], 95, 3% 

’/, Amey. Chem. 1919, 41, 3,S'- *- 
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The applications of iodine Solulion, known as iodimetry, generally 
in conjunction with a corresponding sodium thiosulphate or arsenious acid 
solution, are very ;iumerous, and include the estimation of sulphurous 
acid and sulphites; free thlorine and brorhinc, hypocljlorous acid and 
hypochlorites (including bleach); sulphuretted hydrogen and sulphides; 

arsenious oxide, peroxides, chloric and chrotnic acids. 

• • 

■ Sodium’Tiiiosulphatf 

An Njio solution is prepared by dissolving 24 82 g. of the pure 
cry^stallised .'^It Nag^.^O*. in water, which has* been completely 

freed from air by boiling; the solution is (Jilutefl to i litre with cold 
air-free water. , •, * 

Meincke * states tlfat putc*sodium thii^ulphate can be obtained by 
tepeatedly r^c^ystallising the “chemically pure” commercial salt from 
water, rubbing it a fine powder ..with strong alcohol, washing with 
gther and air‘drying; b^t the water content of the thiosulphate 
prepared in this way is yari*fble. 

Pure sodium thiosulphate* should dissolve in*water without the least 
turbidity, should give np precipitate with barium chloride (a precipitate 
ivould indicate tlft presence of* sifijjhate; sulphite, or carbonate), and 
should not redden phenolphUiale*n1(prc.sencc of carbonate). It should 
•also be Ifae f«om sulphidfe ancF cHlori(k:. 

Iodine and sodium thiosulphate react With flic formation of sodium 
tetrathionate, the iodine combining with half the sodium;— 

' 2Na,;S,0,, + 2L-2NaI-HNa,Sj0„. 

Whenever possible, the iodine is added to the thiosulphate solution ; 
the latter should ^be neutral or faintly acid, because if more strongly 
acid free thiojulphuric acid is formed, which decomposes on standing 
into watc^ -suljihur dioxide, and free sulphur. A*slight yellow coloration 
is oJ).s(jiwed^as soon as an*excess of iodine is present. The change is 
sharper in pi^sence of •starch spltt*tion, but the blue coloVation is only 
obtained »t ordinary temperature^. 'Starch solution must ne?er be 
jdded ^liilst a large ,cpces^ of iodine *s present; •the search should 
be addei^towai^s the enttof tile reaction, when only very little iodine 
is pre^ent^iT the titration is done in.thi» way. , • 

The follpwirtg method miiy be u*(»d to standardise the thiosulphate 
solution, and, pndirecl:ly,*an appraxunate iodine solution. A small 
quantity of pui*e, dry iodine is ’prepared, by powdering together 
0-5 g. pui-» iodine and o-i g.jDotassilim iodiTlc and heating the powder 
in a small porcelaiiT di.sh on a sand-bath, ^r on an asbestos card, until 
vapour is Copiously evoflfed ■, the diJh is then covered with a dry 
watch-glas«, aijd the greater part, but ^et the whole of the iodine, 

Zfit.^ 189^ 18(^33. 
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is sublimed on to the latter. The watch-glass' is then covered witli 
a second, accurately, fitting glass and the whole weighed, the weight 
of the two watch“glasses of course being known, ,The watch-glasses 
are placed gently in a solution of i g. potassium iodide in lo g. water; 
after waiting for a moment, to allow the iodine to dissolve, the solution 
is diluted wifh lOo c.c. of water and titrated with the thiosulphate 
solution. (The potassium ioditie must be free from potassium iodate; 
a test for its purity in this respect consists' in adding hydrochloric 
acid to a not too concentrated solution of the salt, when no immediate 
yellow coloration develops in absence of iodatp.) When the colour 
has been reduced to a pale )^ellow, a little stafch solution is added 
and the titration continued until the blue colour just disappears. 
If the thiosulphate solution^ is of right Btrength,^thc amount used 
in c.c. multiplied by 0 ' 0 i 2695 equals the Weight of iodine taken. 

The following modification of this method recommended by Treao- 
wein is easier to carry out. Two to 2-5 g. pure petassium iodide and 
not more than 0-5 c.c. water are placed in each of two or three small 
weighing tubes with tightly fitting, ground .stoppers; the tubes are 
closed and weighed, and then 0^4 to 0'5 g. pure iodine added to each, 
and weighed again. The iodine dissolves almost instkntly in the 
concentrated potassium iodide sdilitidn. One of the tubes is then 
placed in the neck of a 500 c.c. Erlenmeycr flask, held in an inclined 
position and containing 200 c.c. of water and about i g. potassip.n iodide. 
The tube is dropped carefully to the bottolh of the flask, the stopper 
being removed just as it begins to fall, and allowed to follow it. In 
this way no iodine can be lost. The e.vamplcs given by Treadwell 
show deviations of about 0'2 per cent, from each other; these deviations 
can be reduced to o-i per cent., when using the first method given 
above, after considerable practice. 

Winkler has proposed a method for preparing pure iodine ir. quantity, 
which consists in adding 5 per cent, pota.s.sium iodide anu fd' per cent, 
quicklime (to'retain water) to the en'de ilAline; the'mixture is siiblifilcd 
from a vessel covered with a fltrsk filled with'water, on whifh the sub¬ 
limed iodine condenses. A funnel, the tub's of which is loosely plugged, 
serves equally well td collect the iodine. / 

De Koninck’s '* method of prepaiing pure iodine for stanflSidisation 
is as follows:—Potassium iodide is freed from potass'um djlanide by 
recrystallising in presence of a jittlc hydrio'lic acid; one' part of the 
recrystallised'calt is then intimate'y mixed with if parts previously 
fused potassium bichroma'.e, both having been finely powdered and 
dried, and the mixture distilled from a small retort, the neck of which 
fits tightly into a small Erlenme/er flask. ' 

‘ Analytical Chetnis^'y^ 5th editlrn, rgig, vol. ii., p. 64^ 

Cturn, ZtU., igpi, 27 ig2. 
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Lean and Whatmoilgh' consider that the purest iodine is obtained 
by heating cuprous iodide. 

When iodine is kept in a desiccator, the latter should contain calcium 
chloride and not sulphuric acid, and the cover should not be greased ; 
neglect of these prccautiofls leads to contamination of the iodine, since 
sulphuric acid is likely to be taken up by» the iodine and grease is 
attacked by iodine vapours, forming hydriodic a«id. 

Meineke^ recommends the use of potassium bi-iodate, which had 
been previously suggested by C. v. Than“; the commercial form of 
this salt is said to be e^xtremely pure and to be_ quite permanent, even 
in djlute solution. Irt acifl solution the following reactien takes place ;— 
KH(I03)j+ ioKI + 1 iHCl - i2l«l- ?i^Cl + 6H3O. 

Hence 389-95 parts of fuje‘pfjta'ssium bi-/)date correspond to 1523-04 
parts iodine. • 

* This mefhcTd appears very convenient, particularly for checking 
thiosulphate soUitio4s, from time to'"time, by means of a solution of 
tfie bi-iodate, but the purity,pf any commercial bi-iodate cannot be 
relied s.ipon,-as tlfc salt ma^ contain either too «iuch or too little iodic 
acid. Tread,^clH also states ^.hat commercial bi-iodate cannot be 
relied upon for cyrcct‘standar^isjp'on. .Hence, if it be desired to 
’use potassmm bi-iodate" its value,*must first be determined; this 
pegativcB the value of lii-iodfltci for direct standarclisation.s. 

Riegler^ l*as recommended crysKiilised iodi^: acid for standardising 
thipsulphate, but Walkcv * has pointed out objections to the method. 
Kratschmer ^ li^s suggested sodium bromate, Zulkowsky,® and subse¬ 
quently Crismer,” normal potassium chromate, but Meinekehas 
indicated the disadvantages of this last reagent. J. Wagner'' considers 
the use of potassijun bichromate, under pcrfejtly definite conditions, 
preferable to (Jther* reagents. Dictj and Margosches'® use potassium 
chlorate,"i^liiclj, on addition of hydrochloric acfd, potassium bromide, 
an(i.ooijssiiyn iodidp, liberfitejpin exactly equivalent amount of iodine. 

NjlOO thitMulphate fc^occasienally _i;equircd, especially when using 
Njloo i^d.ifie ; the former must always be freshly prepared, as it does 
not keep long. Neithis* fs A710 thio.sulphate perftianeiii under all 
condition^ Ca\on dioxfde acts upor> it, in presence of oxygen and 
sunliglit, farming s*jlp<iure«s acid aixl frsc sulphur, and fungoid growths 
also develop. Topf,''' after sftbjccting'these changes to ex;y:t investiga- 

^ /. Chrm. Soc., irtgS, 73, 148." * * * • 

Chem. ZetL^ 2. ^ Z. (inaL • 

•* Chernishy, 5th edition, 1919, vol*ii., p. 648? 

“ Chem. 1897, I) ^ anirff. Chem.^ 1898, 16, 99. 

Z. anal. Chem.y 1885, 24, 546.^ ^ J.praki.^htm.y 1868, 103, 351* 

“ Ber.^ l88<f, 17, 642. Chem. Zcit,, 1895, 19, 3. , 

Z. angnu.^hem^ 1898, II, 951. /''^/^..•i 9 o 3 , 16, 317 ; 1905, 18, 1516. 

• Z. anal. Chem.y 1887, 26, 150. ^ , 
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tion, recommends that the solution be. prepared with well-boiled watel", 
free from carbon dioxide and stored in a cool place, protected from direct 
sunlight; a small quantity of potassium carbonate {not ammonium 
carbonate) should be added, but thus necessitates addition of free acid 
to the iodine solution, when titrating. ‘ 

Treadwell ^ states that' all difficulties, due to the presence of carbon 
dioxide, etc., in preparing an'd storing thiosulphate solutions, may be 
overcome by dissolving the “ pure ” commercial salt in distilled water 
(even if it contains cahron dioxide) and allowing it to stand for eight to 
fourteen days before standardising. Tlte carbon,dioxide thus exhausts 
its action, a corrOsponding amount of iilphur scpa’fates, ai^d the solution 
can then be kept for mont(is jvithout undergoing appreciable change. 
Ammonium carbonate should on no aci:ount be added to the solution. 

Plimpton and Chorley^ 'have recomrric'ndttd the use of barium thio¬ 
sulphate for iodimetry; it is a very difficultly soluble salt. Mutniansk) 
has pointed out that a solution .of this salt, srtturated at i7"-5, is 
exactly centinormal. 


Ausicniou.s A(;id 

An alkaline solution of hrsenlous-oxidc is unaffected doy oxygen, 
but reacts with chlorine as follows. v 

As.jO;> 4Cl-t si Lo =-41101 + 2H3ASO,. 

llromine and iodine act similarly, in alkaline solution. Hence 
arsenious acid solution may often be used in place jf sodium thio¬ 
sulphate in conjunction with iodine ; it has the advantage of being 
quite permanent. Its chief application is to the estimation of available 
chlorine in bleaching powder and in alkaline hypochlorites, the end¬ 
point of the reaction, being ascertained by spotting on starch-iodide 
paper {cf. Bleaching powder, p. 604). 

Pure, powdered, com.mercial anseniftlis oxjdc -Is used in ptepaving 
this .solution; it should aUfays be tested by subliming a small 
quantity from a dish on to a watch-glass.' the first portion of,'the sub¬ 
limate sho'uld not be yellowish, which would 'iiidicatc^ the presence 6f 
the, more easily volatile arseniqu'i sulphide, and tne vviW/e ^should 
volatilise completely on heating ,morc stron'jtly. Tiic,oxidt should be 
dried in the^exsiccatonover sulphuric acid fo.;- some time before use; it 
may then be.jwcighcd out without special prccautioiis, as it is not 
hygroscopic. ' ^ , - , • , „ 

To prepare a decinormal solution, exactly 4-9,48 g. arssnious oxide 
is weighed out and boiled with 10 g. pure sodium bicarbonate and 

^ Analytical Chtnuytry^ 5th edition, 1919, VtJ. ii., pp. 645 und 649. ,, 

“ / Chem. .SV., 1895, ^ 7 « 3 ^ 5 ' 1897, 36, 220. 
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200 c.c. water, till completely* dijsolved ; lO g. of sodium bicarbonate 
is then added, the solution allowed to cool and diluted to i litre. 

The solution keeps perfectly; i c.c. is equivalent to 0'0O3546 g. 
chlorine, or 0-012692 g.‘iodine. ’ 

This solution will be of correct strength, provided pure dry arsenious 
oxide is used. It may be standardised, bowcver, against pure iodine, 
exactly as described on p. 69, for sodium thibsulphate, and this check 
should not be omitted'when a large quantity of solution is prepared. 

Lunge' has shown that sodium arsenite and sodium thiosulphate 
give identical results and are jqually applicable. 

• V f * 

" ‘ ' . 

SlLVEll; NITKATJ-', ATv’D AMMijfNIUM THIOCYANATE 

t ■ (. , 

Silver.nitrate solution is employed for the volumetric estimation of 
chlorides, by jjrei^'pitation as silwsc chloride, using potassium chromate 
or sodium arscna'te as igdicator, in those cases in which rapidity is of 
grcjjiter irapogtance thq,n •e^^tremc accuracy; it is also applied to the 
estimatioTi of cyanides!!' *rhe method was introduced by F. Mohr. 
The preparation of fhis soTlition is extremely simple, as commercial 
crystallired silvbr nitr^ite is dv^ Siid chemically pure, and only requires 
to be dried in the desiccatnj;, as a* precaution, before being weighed out. 
A dcanormal solution'is obtaTned by dissolving 16-989 g. .silver nitrate 
and making up to aylitre; i c.c. of'this‘Solution is equivalent to 
'0-003546 g. Cl, 0-003647 g. HCl, 0-005846 g. NaCl, etc.. 

A solutiijn equivalent to 0-001 g. NaCl per c.c. is sometimes 
preferred; this is obtained by dissolving 2-907 g. silver nitrate per 
litreoof solution. 

The solutiortj to be estimated must not contain any free acid ; if this 
is pressuit, if mu.st be neutralisedliy sodium cq^bonate. A slight excess 
of cartdntite is immaterial, whilst the least excess of acid interferes with 
The I'Sactlbn. Fdtir tg ffve TR-op4,»of a cv^ld, saturated solution of normal 
(yellow)jroTassium chromate rftc add<A;l to the chloride solution, and the 
silver^solution is then r,uii in, with vigorous stirrjng, until the white 
precipitate l^as acqutr'c^ a reddish colour, which docs not disappear on 
st«rin^,.the rolour is seen even fcegtteV by artificial light than in daylight, 
as the ^cllow.ctflour offhe solution,is'not apparent, whilst the red of the 
precipitate persist.s.. a decinormal silver nitrate solution an excess 

of about o-2*cx. is required ; t^iij amount must be sub,tracted,from the 
quaytit^ of fofutiqn used.* The colour change is sharper when sodium 
arsenate-js used indicatoi*, and a correction for excess is unnecessary. 
A titratjpn which has l*een carried too fa'r’can be corrected by addition 
of A^/io sodium chloride sofution. 

* • * V, < 

Chem,^ I 904 i I 7 > 233. 
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Volhard's' m.ethod permits the use of add "solutions. A solution of * 
ammonium thiocyanate is required in addition to NjlO silver nitrate; 
this is prepared by dissolving 7-5 to 8 g. of the salt, which is always 
moist, in l litre of solution'and accurately adjusting it to the silver 
nitrate solution. Once standardised, the titre rdlnains perfectly constant. 

A solution of iron alum (ferric ammonium sulphate), saturated at the 
ordinary temperature, serves a^ indicator; 5 c.c. of this are added to 
from 200 to 30OC.C. ofthe solution to be titrated. • To fix the strength of 
the thiocyanate'solution, 10 or 20 c.c. silver nitrate solution are diluted 
with 200 c.c. water, and 5.c.c. iron alum solution ai;p added ; if a colour 
develops, nitric add is added until it .disappears* The dthiocyanate 
solution is then run into tlre.,silyer solution, with continual stirring; 
the appearance of a ligfit-br^wn coloration, indicatffi the end-point 
of the reaction, and its obscuration is factlitafed by t)ie coagulation 
of the silver thiocyanate. Henriques has pointed out that the thio- • 
cyanatemust always be run into th&'silvcr solution, iti/t vice versa. The 
thiocyanate solution thus tested is corrected and made up to decinormal" 
strength, as described on,p. 50. For chlon'dt cstimatiovs, the solution 
to be analj’scd is treated with Njio silver nitrate until all the'chlorinc is 
precipitated as silver chloride and excess'of silver nitrate Is present; 
iron alum is then added and the exceJss 9I' silver t/tratcc! back rWth NjlO • 
thiocyanate. The amount of chloride is giv/;b by the difference between 
the volumes of silver nitrate and of\hiocyanatc solutions usfcd. 

/ / 

IV.-GAS-VOLUMETRIC ANALYSIS'' 

Gas-volumetric analysis, as distinct from gas analysis, comprises- 
those operations in whiah a constituent of a solid or lifluid substance is 
determined by the gcnei;ation and mdasurement of a gas.' The gas is 
usually evolved by the decomposition of the substance untK;r‘ekamina- 
tion; for instance, carboE dioxide\froffi'' lim^stoife, nitrdgen'TroIH 
ammonium salts, nitric oxide ffom nitVates, oxygen from peroxides, 
etc.; sometimes, ho,wever, it is partiafly or ciitjrely generated h<Sm the 
reagent uscd,'’as in tho valuation of hydrogen ;pcVoxide^y potassium 
perma/iganatc. In some instances, nir displaced by 'the gWtereted 
gas is measured instead of the latter. ^ * 

The description of the methods ^nd form.^ of.apparatus proposed 
for gas-yolumcfric w6rk is, in this .“Kction, restricted (o such as are 
employed for a number of. differer.t purposes and ai*e in.^ejieral 
laboratory use. Those forms* of apparatus Ithich are either.uscd only , 
for a special purpose, or in' a particular industry, are descritvJd in the 
corresponding sections. , ^ 

^ Anmh^ 1878,190, 49. , 
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The Azbtometer. 

'This instrument was^ designed by Knopi for the determination of 
ammonia by the decomposition of its salts with sodium hypobromite 
and measurement of the liberated nitrogen. It has been improved n 
several respects, especially by P. Wagner,* and can be used for other 
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well-stoppered bottle. The glass cylinder n,'o( about 20 c.c. capacity, 
is fused on to the bottom of A, and serves to hold the solution of the 
ammonium salt. The large glass vessel B is for cooling the generating 
vessel to its original tcmpefature, after the decomposition. The neck 
of the generating vessel is rough-ground insfde, so as to give a good 
hold for the rubber stoppfer, which must be pressed in tightly, and 
must not slip. C is a Call cylinder filled with water (to which a little 
hydrochloric acid is added to prevent the growth of mould.s), and 
closed by a edrk in wfiich the communicating burettes, c and d, are 
fixed; it also carries a, small thermometer. The burettes and their 
supply vessel h rffe filled with water, v/hich may ‘be sligRtly coloured 
to facilitate the reading^ ■ , , 

To carry out an estimatiu^n of amrri'oniacal nitrogen, to c.c. of the 
ammonium salt solution un&er examinalion 'are introduced into the 
inner vessel a, and 50 c.c. of hypobropiite solution ftito the outef 
vessel A, by means of a funnel. The rubber stop/ber ^is then tightly 
inserted and the vessel placed in B, whichiis filled with water. The 
glass tap / is loosened slightly, \yater""iittroduced into the biwtttes 
c and d by squeezing the rubber, ball i ancl opening theTap g, and 
then run off through g down to the zero marjetof the burbtte. After 
about ten minutes the cock '/ wlAch.’is slightly greased, ii> .inserted' 
tightly, but left open so that A and i-'Ure in communication. If, 
after an interval of five minutes,'che liquid in c has riseh, thii cock / 
is again loosened, re-inserted tightly, and thi,apparatus again allowed 
to stand for five minutes. If the liquid has remained at the zero 
mark, the temperature of the generating vc.ssel and*' contents has 
become equal to that of the surrounding water, and no more carbon 
dioxide from the enclosed air is being absorbed by the hypoMomite 
solution. ' a' 

For the decomposition, 30 to 40 c.c. of water are first withdrawn 
from the burette through g, and the generafing ve.ssel removed from 
B and tilted, "so that a small 'portidn of'the contents of a flows into 
the hypobromite solution, witliNvliich it is mixed by gentlf shaking. 
This is repeated until the grta.ter portion* of the ammoniac'af liquid 
has been poured out and decomposed. The tap / ^ then closed, 
the generating vessel thoroughly ■ shaken, / again opened To allow 
any liberated nitrogen to pass to‘t,he burqtte, and this'repeated until 
the liquid in'e remain.s' at a constant level;> .shaking three times is 
usually, sufficiertt. The generating"-vessel A is then .replaced in B; 
fifteen to twenty minutes suffice fai this 'vessel and its cont,eKts to 
acquire the temperature of the surroundiifg water and for the'gas in r to 
reach that of the water-jacket C, which is indicated by the thermometer. 
The tap.f is then opened untd,the water is at the same Iqvel in t and d, 

and the volume of liberated nitrogen, jthe temperature of the water in 

( , , r 1 
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C, and the barometric pressurfe noted. The weight of nitrogen may 
then be calculated. The decomposition is, however, incomplete, possibly 
owing to the formation of hydrazijie,^ 

Lunge - has shown that an addition oT 2 5 per cent, to the volume 
of gas found is a satisfactory compensation factor for this source of 
error. On this basis l c.c. N.^ at o" and ^60 mm. (dry) = o ooi558 g. 
NII3. This factor is calculated from the observed density of nitrogen. 



Fl'J. y2. 

1 


j.fiiiiiiaii^ rccomrrfends the simolificd form of Wagner’s Azoto- 
mettt slufivn in^ Lig. ,22, for ^dmical laboratories, in which' the 
measuring tuljc is replaced by an ordinary pinch-cock burette; the 
manipulation gf the appavatus is in all-respects .Similar to that described 
above. If mari^'^ analyses have',to be performed it is .Well to keep two 
or thnce^^uch simplified azotometfcrs in i/Se, .so as to save time whilst 
.the original temperature is tefng attained after the decompositions. 


' Raschig, Cheni. 1907, 2d, 206. 


“ Che)n, huLy 18(^5. 5, 1C5. 
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The Nitrometer. 


The name “Nitrometer'” was given by Lunge' to the apparatus 
he devised for the determination of nitrogen” acids, by decomposition 

with sulphuric acid in presence of 
mercury. This reaction was made use 
of long ago byW. Crum* for the 
analysis of nitrates and of gun-cotton, 
and subsequentlyjn an improved form, 
by Frarnkland and'Armstrong" for the 
determination of nitrates in water, and 
. by G. li. Davis ^ for the valuation of 
nitrous vitriol, but manipulative diffi¬ 
culties restricted its applicability ; the 
nitrometer has rehdcred the reaction 
thoroughly practicable, and has thus 
been the means of bringing il^into 
general use.' 

In the method as originally de¬ 
vised, the mercury over which, the gas • 
is collecmd also takes part in the re¬ 
action. It has since been' exte-ided to 
many othef ^pjjrposes, in which the 
mercury does not take part in the 
decomposition, but serves simply as 
the confining liquid for the liberated 
gas, and also to determinativins in 
which the decomposbion is effected in 
a separate vessel and the evolved gas 
collected an[l measured 'in fhe nitro- 
- met»r. „ ' ‘ ' 

The nitro'meter is sfio^n in Fig. 
,23 in the' form used most for the 
analysis of nftrous vit^ml in the sul- 
• ^.phByiC acid _indu,stry, and for many 

other purposes. The tube A hac^a capacity of 50 c/:.; it*is drawn 
out at the b'ottom and is graduated in yV c.a .The graduations start 
< . * •' . , 

1 Ber.^ i 878 » II, 174 » 1885, 18, 1878 and 2030 [Nevs applications) 21, 376. Ditigl. 

polyt.J.y 1879,231, 522 (Tables) ; l 88 i', 245 ,171 (Analysis dynamite). Chem. 346; 

1885, 8, l6l (New applications) ; l886, 9, 273 (Analysis of explosives). J. Soc. C^tm. Ind.^ 1882,. 
X, 15 ; 1885, 4, 495; 1886, 5, 82 j‘l'888, 7,*-232 ; 1892, li, <-78. Sulphuric Ac^ and Alkali^ 
2nd edition, 1891, p. l8a. Cf. also A. H. Allen,^ Soc.'Chtm. Ind.y 1885, 4, 178. 

2 Phil. Mag.y 1847 [iii.],'30, 426. ’* < ^ Ckem. Soc.y 1868, 2l,aoi. 

* Ckem, NewSy 1878,37, 45. • 
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immediately below the ‘three-way. tap which terminates the tube at 
the top. This tap may either have a vertical and an axial passage, 
or it may be a Friedrich-Grciner tap with two oblique passages, as 
shown in its three positions in Fig. 24. The latter form closes more 
tightly and is more easily manipulated than the former, and is therefore 
used in the newer forms of the apparatus. “Above the tap, a beaker and 
a side tube d are attached ; the latter replaces the axial passage of 
the older form of tap.* "In position A the measuring tube communicates 
with the side tube d, in position B with the beaker, and in position C 
the tap is closed. . * ^ 

. The measuring tube A (Fig. *3) is connected by m^ans of thick-walled 
rubber tubing with the pressure tube B.» 'thcflafter is a simple cylindrical 
glass tube of the ^hmej dian^etei* as the m#asuring tube, and drawn out at 





the bottom fo*f the attachment of the rubber tubing. Both tubes are 
Held by clamps, in which they can be moved. 

• Tc)»use the apparatus, for instance for the assay of nitrous vitriol, 
the tube B is placed so that its lower end is som'ewhat higher than the 
tap on .A, and mercury is poureJ in through»B, the tap on A being 
open, until*t Just enters tl^ beaker on A; as the mercury enters A from 
bffowj’no air-bubbles arc forRied/on ‘tht sidfes of the tdbe. The tap 
is then clqje? and the prCssure fubp lowered. ’ 

Th^nitrous vitriol ij thfti introducqd*into the baaker from a i c.c. 
’pipette dividecLinto i|b^«.c. ; in the c^sc of very‘strong nitrous vitriol 
0-5 Sic. arenised, in o^her cases 2 cf. The pressure tube B is-then 
lowered, 1:he tap* carefully,opened* and the acid drawn into the 
measuring tube, care* being taken to admft any air. ' The beaker 
is then rinsed with 2 to 3 c.c. <)f'sulphuric acid, frqe” from rritrogen 
acids,, w^ch !s similarly (Jrawn <nto th» measuring tube, and the 
.washing repeated with i to 2*c.c. more of sfllphuric acid. The decom¬ 
position ia then started ♦)y rpmoving’the tu'be A from its clamp, and 
thoroughly racing the acid apd merciy-y by repeatedly holding the 
tube almost horizontally, taking care that no acid gets into the 

. il > 
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rubber tubing, and then sharply raising it to ‘a vertical position. The ' 
tube is shaken for one-to two minutes until no more gas is evolved. 

The two tubes ‘are then placed so that the mercury in 11 is as 
much higher than that in A ds is necessary to compensate for the layer 
of acid in the latter; i mm. mercury is allo\Ved for every 0-5 mm. of 
acid. After the temperatute has become equalised the pressure is 
exactly adjusted by pouring a little acid into the beaker and 
opening the tap cautiously. If the gas is under diminished pressure, 
which is preferable, acid will flow into A; the tap is at once closed 
before air can enter, and the opcratjoii repeated after raising the 
pressure tube verj^ slightly. If, on the contrary, thb enclojed gas tcii/ls 
to force its way through ^he ?cid, the tap is closed, the pressure tube 
lowered slightly, and the tapvagain opened, Wjth a little care these 
manipulations can always be successfully carried 
out. The volume ^of the gas, the •barometrio 
pressure, and "the tcmpcratu.''e arc then read; 
the latter by means o£ a thermometer, the bulb 
of,which is placed cjbso to the ineasurin£,tubc 
and near the middle ortho column of 'ga.s. 

When the determinatipn is finishedvhe measur¬ 
ing tube A is*‘(ordered, so, that ho air tnjy enter - ' 
on opening the ta«;r*, and the gas expelled by 
raising the pressure tube. The acid is t^pelled,' 
either through the siM.e ,tube d (Fig. 24), or 
through the axial passage in the older form of 
tap, and the last traces removed with filter paper. 
The nitrometer is then ready for the next detet*- 
mination. Details with regard to the calcvlation 
fif the amount of nitrogen compounds from the 
volume of gas obtained cire given in the section on “ Sulphuric .Acid.” 

The analysis of nitrates or of nitrites solujale in water,To' determine 
the total nitro'gcn, is carried out simiferly'as is described in file adaijTSis 
of sodium nitrate. Where a solid spluhle in V.ater is to b^ analysed, 
the weighed ^substance is intrcfclyced into tlM .beaker, dissolved there in 
a very small quantity^of water, tjie solution diawn into^thc measuring 
tube,'the beaker rinsed wdth ,con(;4ntrated _ sulp^liuric aci«l, and* the 
decomposition carried out as dcssrjbcd. ^ . * 

In the analysis of liubstancqs insoluble tip water but soluble in 
strong .sulphurifc^ acid, more espeoiaVy dynamites and pyroxylins, 
for which purpose the nitfometer* is noW almost aliJays jused, the 
solution in sulphuric acid 'is also carried out ir the attacljied beaker._ 
In order to avoid loss' of nitrous fume3( the device .shown in 
Fig. 25, due to Lungc,^ is used^. The beaker of the nitrometqr is closed 
' C'Mn.l8i6, 9, 274., 
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1)y a rubber stopper provrded with an S-tobe, ending above in a small 
funnel. The substance is placed in the beaker, and concentrated sulphuric 
acid introduced through the funnel. The lower bend of the tube 
naturally remains full of‘sulphuric acid, which prevents the escape of 
nitrous fumes, and which Hows into the beaker, as the acid in the latter 
is drawn into the measuring tube. • 

It is immaterial whether an insoluble powdor, such as kicsclguhr in 
the case of dynamite; or some* undissolved saltpetre, etc., remains, as 
this is sucked into the measuring tube with the liquid ; in the analysis 
of pyroxylin it is, hov^cver, bc*ttgr to wait till.it 
has completely dissolved m the liakcr. ^ 

Nitrates and esters of nitric acid, sucb ag nitro¬ 
glycerine and nitiHcelJulosCj caft be analysed in 
the apparatus shpwn in Fig. 23, but a highflegrce 
( 5 f accuracy is‘not obtainable^as not more than 
40 c.c. of gas^can 'be measured.'■-By using a 
modified form, the “nitrcjmctcr for saltpetre,” 
shoi^i.jn Fig. s6, an accufacy of.O’i per ceijt. 
may be obtained in these determipation.s. In 
this form a'larger spacsj'or gas is provided with- 
■•out making the apparatus inciyjivttiiently long, 
by means of a bulb of rieafly loO c.c. capacity, 

"below v/hich*the graduations extepd from 100 
c.c. to 130 c.c. , , * ' * 

In Fig. 27 a form of nitrometer is shown 
which may be ^Ised for determinations in which 
efther a small or a large volume of gas is 
evolvcii. As it cannot be made as short as the 
forms shown m Iiig.s. 23 and 26, it is not so* 
suitable, for shaking, but it is well adapted fcK 
use in conjuiTction with .-i decomposition bottle 
or’as a gas-volumettr (c/. / ' • 

When ijitrous and nitrtc acid compounds are decomposed by shaking 
in the measuring tube j]jSeJf‘with mercury and sulphuric acid, a layer of 
sulphuric acid filially rciT»ains between^the gas an’d the mercury, which 
has th bc^allowed fo/ in^ adju.sting.the^pressure for the final measure¬ 
ment, as stated. aBovc. Th^s caus^.no special‘difficulty as a rule, but 
when considerable quantities of ,su]Dstance are decomfiosed, much 
frothing sometipies occurs ; on dihrtion with watei^ whith is sometimes 
unavoidable, sulphate of mercury *s precipitated, and in the analysis 
of dynamite the kicielguhr Tlottts on the acid, etc. These factors make 
the final adjustment an<> measurement un'cfcrtain and inexact. It is 
therefore advisable, for instance in the^analysis of saltpetre and of 
• explosives, to use a sepajrate dqpomposition vessel, with an attached 
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pressure tube,, as in the gas-volumeter. The gas is then always 
measured over a sharp meniscus, and the volume can be read with the 
greatest accuracy. 

The same considerations apply to all those methods of analysis in 
which the nitrometer is used in conjunction'with an attached decom¬ 
position bottle, as shown in Fig. 28. The substance to be decomposed 
is placed in the outer annular space, and the decomposing agent in 
the inner vessel, which is fused on to the- bottom of the bottle. 
After replacing the stopper, the bottle is connected with the tap of the 
nitrometer, the measuring tube of whicji has been, completely filled with 
mercury ; the stoppef is again loosened, to make sure thit there is»no 
excess of pre.ssurc in ths gpimrating bottle, and the mercury in the 
nitrometer readjusted to zt^o, if necessary, by. moving the pressure 
tube. The tap of the nitrometer is then turned so as to connect the 

• f 



measuring tube and the generating bottle, and the latter tilted, so that 
the liquid in the inne; vessel flows into the surrounding ^acc. In 
doing this care must be taken that the bottle is not warmed by the 
hand, and this applies also to the s-ubseqiient --shaking to promote the 
disengagement of the gas; it is safest, especially if heat is .evolved, as 
in decompositionr by the sodium hypobromite method, to place the 
generating feottle up to the necl^in a beaker of water, before and after 
the reaction. As the ^mercury Jn 'the measuring .tube is depresstti by 
the evolved gas, the pressure tube is,lowered accordingly, to prevent any 
excessive pressure ; it is sometimes .advantagoous-to lower the pressure 
tube considerably towards the end of Jhe reaction, in order to facilitate 
the removal of the gas. -After the original temperature ..-has been 
attained the mercury is brought to the same level in both" tubes, and 
the volume of the gas read, together with the temperature and pressure. 
In reducing to 760 mm. pressure, it must be borne in mind that the 
gas is moi.st, and not dry, as is usually the case in w-orking with a • 
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• * . * 

nitrometer; since it is always*generated from dilute solutions, the 

tension of the water-vapour may be considered equal to that of pure 
water at the same temperature. * 

The reduction of the volume of gas to normal volume is calculated 
most easily by means of tlie Tables II. to IV., appended to this volume, 
which were specially compiled for use with*the nitrometer by Lunge; 
the calculation can also be done by reversing th'e formulre on p. 85. 

The numerous ap;l)litations 'of this form of the nitrometer include 
the valuation of potassium permanganate solution (p. 66 ), the analysis 
of bleaching powder^^majigancst dioxide, potassium ferricyanide, lead 
peftxide, nitrous acid,' hydrogeiT peroxide, the determination of carbon 
dioxide in carbonates (preferably by Lung* a*n^ Marchlewski’s method), 
of nitrogen in ammcinipm, jafts, in urct (ureometer), and in diazo¬ 
compounds, the sontrol of the strength of acids by liberation of carbon 
dioxide frorh c’arbonates, the \ialuation of zinc-dust, the examination of 
chromates^ and,the titration of ioditic solutions.® 

* The nitrometer can atso^be used as an absorptiometer,' as an 
apparatus for reducing th^.viilume of ga.scs to c» and 760 mm. pressure,® 
although tire gas-volumeter i% far preferable for this purpose, and for 
gas analysis worjj;® also for the collsftion and analysis of gases 

’"dissolved in water, etc.' * * 

The Gas-Volumeter.® • 

• • 

This nam^ was given by Lunge to an apparatus, by means 

of which the r?duction of a volume of gas, either wet or dry, to any 

required normal condition.s, usually, of cour.se, to 0" and 760 mm. 
p'ressuft, is effec^ted without ob-servation of the temperature and 
pressure, and ivitlrout calculation or reference to tables. 

The .principle of the apparatus is to enclosed known volume of air, 
at juch^a pry.ssure that it ial^^ up exactly the volume which it would 
occupy at and 760* mm, pj;es'^ure.^ * If ‘the same pressure and 
temperatuMc are then applied to.another volume of gas, thi!? will 
^Iso take up the voluiji*- wJiich it would occupy alf o" aijd 760 mm. 
pressure. This ^onditiotf is attained by confining the known volume 
of air*in a,‘*reduc^oi> tube” to whlefi a»pres.sur(j tube is attached,‘and 
placing the lattSr in such a position •that the gas in the reduction tube 

is brought to ^he volumt it would occupy under normal conditions; 

• • * 

^ Riegler, uKtif 1897, 36,8665. ^ ^ 

^ A. Baflflann, Z, afigew. Chem,, 1891,4, 135, 198, 339.^92. 

• Z, angew. ffhem., 1891^4, 203, 328, 450. * CJifni, Ind., 1885, 8, 162. 

^ Chtm. Ind., 1885, 8, 163. • ^ • h //„,*/.^ 1885, 8, 1G9, 

’ Ibtd,, 188^, 8, 170 ; Z antjl. Chem., 1886, 25, 309. , 

, " Lunge, Btr., 1890, 23, 440 ; 1892, 25,*3i57. Z. aitgew. Chtm., tt89o, 3, 139 ; i8gi, 4, 197, 

410; 1892, 5, 677. J. Soc. Chem, Bid., l890,*9, 547. 

• • * 
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the reduction tube is also connepted with' the gas measuring tube 
by means of a T-piece, and by adjusting the level of the mercury in 
the two tubes to the same height, tjie volume correction is applicable 
directly to the gas in the measuring tube. 

The apparatus is .shown in Fig. 29. The three tubes, A, B, and C, 
are connected by means of'a T-picce and sufficiently long thick rubber 



Flo. 29. ' *' Fia. 8(J. 

-* % 


tubing, and'are held to a stand by damps, in.whkrh they can be moved 
in a vertical di|;ection. The tube Afis the measuring tube, and may 
be a nitrometer of any form, a Buvite burette, or any bthcr,^pparatus 
for the measurement of gases. The second tube, B, the so-called 
reduction tube, is enlarged to a" bulb at the top; the first,graduation 
is below the widened portion of the tube, and indicates a volume 
of 100 C.C., and the lower cylindrical, portion of the tube is graduated* 
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* • 

in iV another 30 to 40'C.c._ The tube is set, once for all, by 

observing the tenaperature and pressure, calculating the volume which 
100 c.c. of dry air would occuoy under the observed conditions, 
bringing the mercury to* the correspondirig division, and closing the 
tap above the bulb. If Ihe tap is air-tight the reduction to 0° and 
760 mm. pressure has been permanently hiade; an alternative is to 
provide the upper end of the tube with a capillafry, which can be sealed 
off, after the volume h^s’been correctly adjusted. 

This form of reduction tube was subsequently modified by Lunge 
and replaced by a c^Jindricaf 4>be in order to bring the volumes of 
entflosed gas cis far as possible .into a parallel positjon,*and the pressure 
tube, C, by the form shown in Fig. 30, whifh'requires less mercury. 

If moist gases*arci to b^ m&asured ir.tthe measuring tube, a small 
drop of water must be introduced into the reduction tube; if dry gases 
5 re to be nlelsured, nitric oxide generated over siilphuric acid in 
the ordinary ijitromcter, a drop of concentrated sulphuric acid is 
introduced into the redueti^n tube, but never in sufficient amount 
to moae than lover the*^.tc^ of the mercury, meniscus. The gases 
must be measured cither quit^dry or saturated with moisture, 

• t 

formula for dry gaies,^* V, =- V,, (^73 

’ Formula for moist gases.; *V^i -- 

Wliere V, - Vohiihe of gas required. 

,V|, = Normal volume of gas, 
t ■ Observed temperature. 

If Observed barometric pressure. 

/ Tension of water-vapour at observed temperature. 

. * 

1 o adjust the reduction tube, the temperatune is observed by means 
of a thermometer suspendcid by the side of the tube, and the barometric 
pressure rea^. The volume whfch lod c.c. bf gas at nortnal tempera¬ 
ture and pressure V„ will occupy, at the observed temperature and 
pressure, either dry or^ijoisf, is then calcitlated, eithc* by means of the 
above formulae pr from #ie Tables II.,to IV. appended to this volume. 
The^ressufe tube^is Cheij.pdjusted*ct> tljat the n^ercury in the reduetion 
tube is at the onlculated grjduatiou,»and the tapn closed. The instru¬ 
ment is then rgady for use. . , * 

Dry gases c^rp if desired, be measured with a wet rpfluction tube, or 
vice versQt In the former case the*temperature is observed, the corre¬ 
sponding vapour-tension /* in mm. found ‘from Table IV., and the 
mercury in the measurBig Jube placed /*mm. higher than in the 
reduction tube^ after the volumg in the l^ter has Ijeen adjusted to 100 
c.c. This is facilitated by using, measuring tubes in which each c»c. of 
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the graduation corresponds almost exactly with lo mm. length, as the 
use of a measuring scale is thereby avoided. When a dry reduction tube 
is used for moi.st "gases, the mercury in the measuring tube must be 
placed / mm. lower than in the reduction tube, in which the volume 
has been adjusted to lOO c.c. ' 

An alternative plan for comparing dry gases with a moist reduction 
tube is to moisten the gas in the measuring tube by drawing in a drop 
of water; this is preferably done before the gas is collected, but it can 
also be done'afterwards with careful manipulation; for the reverse 
comparison a drop oi concentrated sulphuric acjd is used. In neither 
case must more 'liquid be added than covers th^ top of the mercury 
meniscus. , • 

The three tubes. A, fr, C\Fig. 29), are connected with the T-piece 
D by very thick-walled rubbbr tubing of i'3'5 mm. external and 4-5 mm. 
internal diameter, which withstands the pressure of the mercury without 
being distended and does not need binding with wire, especially if the 
ends of the tubes are enlarged a little; it is easily drawn over tubes e( 
10 mm. or greater diameter. All three tubes are held ip strong jj^imps, 
so that they may be moved vertically with' friction, but do not drop 
down by their own weight. , > ‘ 

When any gas-analyticai or ^as;Volumetric operation has been*' 
carried out in A, the volume of gas is no,*- lead in the ordinary manner, 
after adjusting the merc^ury in A’and C to equal levels.' This adjust¬ 
ment is only made as a preliminary step wh'ep an auxiliary generating 
bottle is used, as in decompositions by sodium hypobromitc or hydrogen 
peroxide, or in carbon dioxide determinations, etc.; in'these cases the 
mercury levels in A and C must first be equalised, in order to bring the 
gas in A to the ordinary atmospheric pressure. The tap of A‘is then 
closed, without reading off the volume of contained gas. If the gas has 
been generated in A ituelf, or has been transferred from another vessel, 
this adjustment is of course unnecessary. Jlefore actuafiy'reading the 
volume of gas in A, the three tubes ate so'adjustfd that the rnerciifyin B 
Stands at the 100 c.c. graduation' and the levels in A and B arp the same. 
The gas volumes in A and BThen correspond Jto such temperature and 
pressure that their volumes are equal to those ‘vhich they would occupy, 
when dry, at 0° and 7^60 mm. ,ores,s'are, since_ thip conditiai has"*been 
ensured once for all in the case of P, and pie gas in A is at the same 
temperature and the salne pressiire, 1 ' ^ 

The requirdd, adjustment is most quickly and easily carried out in 
the following manner. Thaitubc A"is fixe'd in its clamp'whil^^ILand C 
are raised, C to such an' extent that fhe mercury in B Jises to thq 
graduation 100 c.c.; B and C are then lowered simultaneously, so that 
the difference of level of tb^ mercury pn the two tubes is maintained, 
untjl the mercury stands at equal levels in A^nd B, in the latter still at > 
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the 100 c.c. graduation. The ad}ustment will usually be found to be not 
quite exact, and a slight movement of B will probably be necessary to 
complete it, but this double adjustment only requites a few seconds 
longer than the ordinary adjustment of the pressure, tube of a gas- 
burette. ' 

The simultaneous movement of the reduction and pressure tubes 
is advantageously effected by the use of a forldsd clamp such as that 
shown in Figs. 31 and'32. 

This consists of two cork-lined clamps supported by a cast-iron 
fork. The smaller ciamjj a l(^)lds the reduction tube (below the 
109 c.c. gradSation), and the larger, b, the pressuse fube. The fork is 
fastened to the stand by means of an i)rdinary boss c, shown on a 
larger scale in Fiy^ 32„whicjj m^y be streif^tfiened by a spring. After 
the gas-analyticaj operation is finished, the adjustment is made by first 
Bringing the*reduction and pressure tubes to the approximate level of 
the mercury in^he rrieasuring tube. The pressure tube is then moved 
in its clamp b, until the mercury 
in tlTt raduction tube stands, dyactly , 
at the io 5 c.c. graduation. ^Thc 
forked clam’p is then rflpved as a 
■^vholc, by, nfeans of the boss c, uiT^il.l' 
the mercury levels in tjje roduf- 
\ion andjnea.'fhring tubes arc equal. . 

The whole adjustment ^ufy takes 
a few seconds^ and is much easier 
than when separately movable 
clamps are used. 

■ Luitge' has devised a mechani¬ 
cal stand, which *ss extremely convenient for manipulating the gas- 
volumetfr, and which is applicable to all forms cf the nitrometer. 

Specif t'oi'ms of the g^s-volumcter have been designed by Lunge,^ 
for' thV dclj.rminaflon •of mfrogcfii in ‘elemtntary organic analysis, 
and by I.unge and N'euberg'’ /or the determination of Vapour 
densities. ,, • * “ • , 

When the g^-volumtAer is in daily,use for a specific determination, 
the graduations on tjic measuring.tubf may bg made to correspond 
with definite weights in n^. of Uite constituent determined, or to 
percentages, wjien aVieftnite weight,of initial material is taken for 
analysis. Such^graduations may efther replace the divisions into c.c. 
or maj» Ijq placed alongside tTiem. • • 

. Special graduation of tfie’measuring tifbe is unnecessary, if the 
quantities .given in the 'follpwing table are used for analysis; an 
ordinary measuring tube, divide^! into {C., can tl)en be employed. 

" ‘ C/«m., 1892, 5, 678. • - 4 V,, 1890, 23,,446. “ 2^, 719. 
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Table for the Conversion of Vblumes of Gas, obtained in the 
Gas-Volunjeter, into Weights of Active Constituents. 


1 

2 

' 3 

4 

5 


" 


Gaa 

Evolved. 

1 c.c. Gas = 

(jiibstanco Analysed. 

• Active Coiistituoat. 

Motliod of Analysis 

Active Con¬ 
stituent in lug. 

Organic substances. 

Nitrogen 

Dumas' method 

N,. 

1-2507 

Aninioiiiniii sails 

' Do. 

f' Willi sodpini ] 
liypobroim'j / 

N„ 

.. 

1-28] 91 

Do. 

Ammonia 

Do. 

Na 

l-658?i 

Uniie 

, Drpa 

Do. 

N., 

2-9561 

Bonc-chau'Oal, marl, etc. 

Cariim dioxide 

Decompo'^ilion ) 

1 hylK’l i 

CO,, 

1-9768 

Do. 

C.ilo’fnn carbonate 

1 lo. 

co„ 

4-4968 

Pyiolusitfi 

iManganc‘>c dioxide 

With li.A, 

lb' 

8-8825 

Bleaching i>owi.ier 

Chlonne 

Do.' 

'b„‘ 

3T675 •' 

Potassimn permanganate 

Oxygen - 

Do. 

t.): 

0-7146 

Chili suitjpetre 

Sodium nitrate 

In nitronieler 

N(.) 

;i-7986 

Nitrous vitriol 

N..O, 

' Do. 

NO 

1-6974 « 

Do. 

HNO.t 

’ ' Do. 


2;8.W3 

Do. 

1 Nitric acid of .sp. \ 

1 gr. 1-33 1 

‘'Do. 

NO ' 

' 5 '3771 

Do. 

Sodium lutiaie 

Do. 

NO 

3'7963 

Nitroglycerine, dynamite, etc. 

'[Vinifrogiycenne , 

Do. 

NO 

3'858 

Do. 

Nitrogen*'* 

Do. 

NO ' 

0-t52.57 

Nitrocellulose, pyro.xylin 

Do. ‘ 

^ Do. 

NO 

0-6257 1 


^ These values arc torrecte-l for llic “nitrogen alisorpMon”; 2.5 per rent, in ihc rase of 
animoniiJin salt.s, ami q jier cent, ui the rase of ii.e.i. p. 77 .) 


The table comprises a number of substanees, speefiied in the first 
column, which are frequently examined by gas-volumetrie methods. 
The second column gives the “active constituent” of the substance 
analysed ; the third column, the analytical method employed ; the fourth, 
the nature of the evolved gas; the fifth, the weight of “active con¬ 
stituent” in mg. corresponding to i c.c. of d'-y gas at o“ and 760 mm. 
pressure. If one hundfed times file quantity of substjirice given in 
colunln 5 is taken, then the number of c.c. of gas obtained is numerically 
equal to the pereentage of the active conJt-itupnt. In some cases it is 
necessary to use a larger quantity of substance, and then i c.c. of gas 
represents, of course, a correspondingly smaller percentage.' *''' 

The data given i.n this table are based on the obsc.'ved den.sities of 
the gases concerned, nbt on the values calculated from the molecular 
weights, which' do not take into aocoont the deviations from Boyle's 
law. , r ^ , 

Japp ^ has shown, that'by suitably adjusting -the position of the 
reduction tube, the volume of gas in the measuring tube may be made 
to indicate the weight of. active substance present, without further 

^ y. CJifm. Soc., 1891, 59, 894 ; c/. alao Lunge, B^r., 1891, 24, 1656 and 3491. ' 
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calculation and without "special graduation. This proposal seldom 
offers, however, any advantage over the above method of working. 

The principle of the ga.s-volumeter has been applied by Lunge and 
Marchlewski to the exact estimation of carbon dioxide in carbonates' 
and to that of carbon in ifon and stecl.- 


THE CALCULATION OF ANALYTICAL RESULTS 

, Means which shorteiT the caffculations of analytical results, especially 
if they also contribute to the avoidance .of efror, greatly facilitate 
the work of a technical labc^vatory. ’ F^upogurc logarithms are not 
sufficiently accurate t'or* nibst work, as the fourth place is uncertain, 
hut five-figyni logarithms almost always suffice. Kcady-reckoncrs are 
preferred by many, and the sfidc-rwle can be very advantageously used 
^r many technical calculations. Tables specially calculated for chemical 
puf^'oses are a still more cotitenient adjunct to analytical calculations. 

Punished tables are rtat&rally not adapted''for every class of work, 
and it is often conveni(;nt to prepare'special tables of factors for specific 
calculations such'as those givoM iiL,thc section on “ Sulphuric Acid,” or 
for use with the nitrometer ?8)1* 

• It i 4 a general ruli?, in both scientific and technical analysis, to 
calculat'e to one, and onl;^ one figure beyond tlr&t which can be regarded 
as significant. If a mctliod is reliable to within one-tenth per cent., the 
percentage rSfiults should be given to not more than two places of 
decimals. If, however, an ore is valued in percentages only, it is 
often iidvisable to give the analytical result in whole percentages, or 
at mo.st to onc-qnartcr or one-tenth per cent., so as to avoid confusion 
in the sales. * ■ 

The’il! ’cir* two (luite different cases which must not be confused 
iif thte*conTicction.* If J:he irftdn cejnstituent of a substance, representing 
perhaps 50 ^ 80 , or go per cent, bf the total, has to be determined, the 
percentage will practically Clever l5e given to more _than two places of 
decimals, as even th5*^rst place will only occasionally' be reliable. 
In anost other cases, also, it womld be usele.ss, or even misleading, 
to give Mie geitentagS* to more tJiTn two piaces of decimals. But 
where a constituent Jias, to be determined which only OLCurs in very 
small am'ounf such as gold ii\ qijariz, phosphorus ir> steel, ammonia 
in w^er, and ^he like, it istiecesspry to give the result to a hundredth 
or even'to^a thousc^ndth pel' cent, of the original substance, provided the 

ft 

^ Z. anj^ew. Chem,^ 1891, 4, 229; iftgs, 6, 395 * ./• Soc. Chem. hid.^ 1891, 10, 658. 

® Cf. Stahl £isefi, 1891, ZI, 666 1,1893, 13, 65^^ , 1894, 624 ; also, Z. angtw, Chem.^ 

1891, 4, 41:. 
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arfalytical methods employed are sufficiently'accurate and a knowledge 
of the exact quantity .is important. 

The choice of .the atomic weights to be used in calculating the 
results of analyses is an important consideration. New determinations 
are constantly being made, and within rccent*years many fundamental 
figures, the ratio i: 15-96, which had long been considered 

absolutely reliable, hava been found to need revision; nor can work in 
this direction be regarded as final. Many chemists were accordingly of 
the opinion that it would be an advantage to use approximate atomic 
weights for technical pufposes, as tbes^ a're less likely to be affected by 
subsequent deteriT.inations. The tables prepared'by the internatioBal 
Committee on Atomic Weigl^s tiave removed any objection to the use 
of the values now regarded at the most?'accurate. The atomic weights 
are all calculated on the basfe 0= 16, as tl'is is the only, one likely to be 
adopted internationally for analytical purposes. * • * 

The’table opposite is that approved by the Intcrnatiqnal Committee 
for 1921. 

Literature on Voi-umstric Analysis . 

Fresenius, R.—Quantitive Chcmtla! Amiipis, 7th cijtion. Vol. i. tl.inslated by' 
A. Vachcr, 1876; vol, ii. translated C. E. llrovcs, 1900 
Gooch, F. k,—Methods in Chemical Analysisf 19I2. < 

Sutton, R.—Volumetric Anflysis^ ,11th'edition. 

Treadwell, F. Analytical Chemistsy, translate'd.f!om the German by W. T. 
Hall, sth edition, 1919. 
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International Atomic Weights (1921).’ 


.Sym4)ol. 


Aluminium 

Antimony 

Argon 

Arsenic 

Ilarium 

Bismuth 

Boron 

Bromine 

Cadmium 

Csesium 

Calcium 

Carbon 

<ieriuni 

Chlorine 

Ci|iromium . 

CobaJt 

Columbiflln^ 
Copper 
dysprosium 
"•Krbiiim . • 

Kuropium . 

•Fluorine . 
Cadoliniifhi 
Gallium 
Germanium 
Glucinum . 
Gold . 

Helium 
Holmium . 
Hydrogen . 
Indium 
Iodine • 
Irifliunf* . • 
Iron . % 

Krypton . • 
Lanthanum 
Lead 

LithiWn . • 
Lutecium * 
Magnesium 
Manganese. 
Mercury 


Atomic 

welglit. 


. AT 

27-1 

. Sb 

120-3 

. A 

39-9 

. As 

74-9<3 

.’ lia 

'37-37 

. Bi 

208-0 

. B 

. ]?r 

'0-9, 

79-9S 

. Cd 

112.40 

. Cs 

'32-Si 


Molybdenum 
Neodyn>ium 
Neon . 

Nickel 

Niton (radiunj emanation) 
Nitrogen . 



•• *1^1? *139-0 
l*b 207-20 

U 6-94 
J-u 175.0 
Mff * 24'32 
Itn 54.93 
200.f> 


Osmium 
Oxyffen 
Pall.icliunj 
Plii)spt]orus 
, I^latinUp,.-" 

I. Potassium 
Praseodymium 
• Kaclmm 
I Rhodium . 

I Riihidium . 
r Ruthenium ^ 

! Samarium . 

Scandium . 
eSelenuiin . 
Silicon 
Silver. 

Sodium 
Strontium . 
Sulphur 
Tantalum , 
Tellurium . 
Terbium 
Thallium 
Thorium 
Thulium 
Tin . 

Titanium 
Tusjfsten 
Cranium 
Vanailiuni 
Xenon 


J-Ytterbium (Neoytterbium) Yb 
^ yttrium . J , Yj 

' Zinc . ■ ’ 

% -/• j ■ ) ^n 

I /-<rconium . 


Symbol, 

weight. 
Mo 96.0 
Nd 144.3 
20.2 
58.68 

222.4 
14-008 
1909 
16.00 
106.7 
31-04 
195-2 
39-10 
140-9 
226.0 
102.9 
85.45 
101.7 
150.4 
45-1 
79-2 
28-3 
107.88 
23.00 
87.63 
32-06 
i8[.5 
127.5 

159-2 
204.0 
232-15 
Tm 168-5 
-Sn 118.7 
48-1 
184.0 
^38-2 
51-0 
130-2 
17 J -5 
89.33 
65.37 
90-6 


Ne 
Ni 
Nt 
. N 
. Os 
. O 
. i'd 
. i> 

. I't 
. K 
. Pr 
. Ra 
. Rh 
. Rb 
. Ru 
Sa 
Sc 
Se 
Si 
Ag 
Na 
Hr 
S 

Ta 
Te 
Tb 
’i'l 
Th 












ELECTROLYTIC METHODS OF CHEMICAL 

ANALYSIS ‘ 

» • 

By H. J. S. Sand, I). Sc., PlTrf^., f'.I.C., Hea(f of tjie DcRartnifent of Inorganic and 
Physical Chemistry, The Sir[^Jll^ Cass Tcchi^ical fnstitute, Aldgate, London 

• , 

I.-THE ELECTROLYSIS OF METALLIC* SALTS 

Electrolytic methods applied to chemical analysis have rendered 
many determinations accurate and rapu;! wKich arc difficult to carry 
out by ordinary gravimetric and volumetric pr.iJcesses. These methods 
have in some instances, typically*!;! .the case of copper and nickel," 
been adopted as recognised methods of anaTysif in technical laboratories, 
and in others as useful ^alternative processes to the ordin’ary Aialytical* 
procedure. During recent years the applicability of electrolytic methods 
has been much extended, and the conditions of deposition have been 
very fully investigated, especially from the standpofht of modern 
developments of electro-chemistry. 

This section consists of an account of the methods availJole fdr 
electrolytic analyshs, of the apparatus employed as’d gf the general 
conditions applicable io the solutions in which the electrolysis is 
effected. The more specific details of ths conditions* under which 
the methods' are used 'in itidividVial ’estimations will jie given ’in 
the respective sections, especially. in that‘on Non-ferrcais Metals 
(Volume Iy . ■ 

As a rule a inetal is deposited from a seflution of.onc of its salts 
on A cathode of platinum or o,thei-. ‘suitable jpetal, and wdghedi* By 
varying the electrical conditions «nd the .nature of tlte solution, first 
one metal ffnd then another nijiy .often be •precipitatijd quantitively 
from a»given lii^ujd. * • • 

Sometimes, on the othir hand,* the electric current is epiployed 
to bring about changes in’the solution a'djoining the electrodes, which 
lead to the precipitation on the latter of^insBluble substances suitable 
for quantitative determination, Thus^ when an electj'ic current is 
passed under suitable conditions through J;he solution of a salt of • 
»2 • • ’ 
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bivalent lead, a deposit of lead peroxide is precipitated on the anode, 
most probably as a result of the formation of salts of quadrivalent lead in 
immediate contact with the electrode. In a similar manner manganese 
may be precipitated as hydrated manganese dioxide and then brought 
into a condition suitable fdr weighing. Again, when an electric current 
is passed through the solution of a molybllate, reduction takes place 
which leads to the quantitative precipitation on the cathode of hydrated 
molybdenum sesquioxide. 

. II.—Alil’ARA1*U9 EMr?.oVED IN ELECTROLYTIC 
ANALYSIS . 

' Current Su^^y. 

• 

• Where ascHraulators are nejt available, and when only small currents 
are required, bjtterfes composed of primary cells may be employed, 
Hhese should be of a nor>polarisable type, such as the well-known 
Darnell,^or Bupsen cell. '^I'herrqopilcs are, sometimes employed. 
These carTbe obtained commercially to give currents of up to about 
3 or 4 amperes throuj^h an external resistance of about 0’6 ohm, 
*^the voltjg^ on open sircuit Ifti;^^ about 3 to 4 volts. Wherever 
possible^ the use of accufsulkvjrs is, however, to be recommended on 
'account *of the constancy and m^g’nitude of the current that may 
be obtained from thenp.’rwo or three cells connected in scries will 
give a voltage sufficient for most purposes of electrolytic analysis. 
Where electric* lighting or power mains are available, the charging 
is* usually carried out by means of motor-generator sets, which can 
now be obtained in very small units. It is often found convenient 
to dispense wit^ secondary batteries aitogether and to employ 
a motor - generator direct, thoug'h the steac'iness of the current 
will be somi*what rcducufi thereby. Where continuous current for 
liglitiifg is ,^availaBle, *q plar? frSquent’ly adopted, particularly for 
occasional,electrolysis, consists in. connecting the eiectrolytic cell to 
the mains through a ^b^i^If-resistancc. Though the-latter may be of 
any of the usual types; suitably cho.scn in regard to resistance and 
carrying capacity^ th,e fojm most’frequently used is that of a'iimp- 
resistance. Tills consists o£,lamps pkiccd in holders fitted to a wooden 
base and connected in parallel. Where procurable, old carbon-filament 
lamps are employed on account of the large current, they take The 
curreftt ^js varlecl by altering thr: numbxr and size of the lamps. 
.When deciding to *vork on this plan, the' fact must not be forgotten 
that the voltage required for electrolytic ahalysis is usually about 4, 
whereas that of most lighting circuits is about 200, so that approximately 
• 98 per cent, of the power jtaken from the mains is wasted. 
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• . ‘ 

2. Regulation and Measurement of the Current. 

In nearly all. cases a back-resistance, of which there are many 
suitable forms, is employed to regulate the current and to prevent 
short circuits. ' • 

Except fpr routine work in which all the conditions are exactly 
repeated in each analysis, the current should always be measured. 
For this purpose an ammeter of the movingrcoil type will be found 
the most convenient fo employ. Such an instrument may be briefly 
described as a technical form of t,he w^Il-knowp d’Arsonval galvano¬ 
meter which has keen placed on a suitable .shunt. ‘The masn advantages 
of moving-coil instruments arc, Ijiat they have a practically uniform scale, 
are always made so as tVvie«dead-bcat,^an(^ are almfcst independent of 
the way in which they ar^.set up; a disadvantage .is their slightly 
greater cost compared with instruments of the so-called k gravity ” typ*. 



The measurement of the voltage between anode and cathode is 
often found of value. This voltage is the algebraif sum of*(i) the 
potential difference between anode, and electrolyte,- (2^ that between 
electrolyte and cathode, and (3) that required to force .tlj.e. current 
through the solution between anode ai^d cathode accorjiip; tg Ohgi’s 
law. It will thus he seen thpt c^cqpt wherd (i) and ^3) are fairly 
constant, a condition by no means usually fulfilled in electrolytic 
analysis, tli,e voltVige between the clcctrocTet; is, not a direct measure 
of (2), which is the quantity of analytical‘interest.. Justification of 
its measurement is to^bc found in'tfie fact that k gives a g^eraTidea 
of the course of electrolysis, and that it is simple to malte. 

As with ammeters* the be^ type of \A)ltrheter tj) eipploy will 
probably be found to be one of'the moving-coil rf:ljss. In design 
these instruments are si.^ilar ted the ammeters, except »thftt the 
measuring device is placed, in series witli a high resistance* instead of 
being put on shunt with a very low one. , * 

F'g. 33> leaving .out the* jotted portion, illustrates Jhe electrolytic 
circtit thus far described. 
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3. Electrolytic Analysis with Control of the Cathode-potential. 

As has already been pointed out, the potential difference between 
anode and cathode is oftly of indirect interest. Where separations 
of metals from each other have to be carried out, the potential differ¬ 
ence between the cathode and the electrolyte becomes the governing 
factor. To obtain a correct measure of this, a non-polarisable auxiliary 
electrode must be employed which is placed outside the lines of flow 
of the current. If thejatter is'r^uUited .so that the potential difference 
between the Suxiliary electrode *nd the cathode js'ionfined between 
certain definite limits, it is often possible ^o'restrict the action of the 
current to one sfligle electrolytic procest^^ch as the precipitation 
of one metal from a solution of several^ or to obtain metal only 
vPithout hydio^n. The fine rggulation of the current f6r this purpose 
is obtained by ^conriectinjr the battery-terminals to the two ends of 
a^liding resistance, and the»electrolytic cell to one end of the resistance 
and^o the slider, thus alloivih^ any yoltage froip zero to the maximum 
of the batf^ry to be tappecJ off^ 

Fig. 33 shows how t|;ie circuit just described can, by connecting 
■*nhe points A and (!, be oonverte^ i^fo one .suitable for separations by 
graded potential. If des^reef, a ]jlug can be introduced, so that either 
5 ne or tljfc otHer arrangement may bi employed at will. Resistances 
of 2 to 3 ohms having 4 carrying capacity of about 15 amperes have 
proved suitable. It will be seen that if the voltage at the ends of 
the resistance i^about four, one or two amperes are lost in the sliding 
• resistance in an arrangement of the circuit for 
separatkin by graded potential. In suitable 
cases, the curre^nt 'passing through the electro¬ 
lytic cell, which may be started a.\ a value of* 
about 3 OT *4"amperes, automatically drops to 
about- lero ^ the ifietaJ disap*pcarS front solu¬ 
tion, a verji important anb useful indication of 
the progress of the ang^sifS 

The Auxiliary Eleetrode. —Any, of the 
well-ftcognfecd non-p,olar,isable cld(;rrocies may ^ 
be employed aa an auxiliary electupic, but the 
one usually utiysed is'the«2W H2SQ4 electrode." 

Fig. 34 shows a suitable form of vcsJel.' 

To .fit,this up as a 2 W Il2SO.(*elcctrodp a 
small amount of nvercury Is "first introduced into the vessel. On 
to this is poured a paste ifiade by triturating a few drops of mercury 
with mercurous sulphate and twice norrnal sulphuric acid until the 
^ H. J. S. Sand, Trans* Faraday Soc^^ 1909, 5* 
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whole presents,a uniform greyish appearanfce. Above this is poureJ 
some twice normal sulphuric acid, preferably previously saturated 
with mercurous .rjlphate by shaking with the latter salt. The tube 
which contains the liquid forming the elecfrical connection between 
the auxiliary electrode and the electrolytt undergoing electrolysis 
in the beaker is next filled. This tube consists of a capillary of 
about 2 mm. bore of the form illustrated which can be filled from 
the funnel F through a two-way tap. The grease from the latter 
is completely removed by means of ether. When in use, the tap 
is kept closed, but the film of electrolyte wbich forms round the 
barrel owing to 'th? absence of gren.se furnishes sufificifent clcctncal 
connection between the twp arms of the capillary. The arm adjacent 
to the auxiliary electrodSv.prbper is filled, [vefcrably through the funnel, 
with twice normal sulphuric acid, whereas the other arm may, if 

electrolyte such as soUium sulphatfe. 
This arm is bent at, it.s end several 
times _at right angles to the plane 
of the paper in the mannerj;hown in 
the illu.stration. 

Towards'the end of an experi- 
ihept any small amount of liquid from*^ 
the beaxer that may have diffused 
'into the bend is run out by, opening 
the tap leading to the funnel F, for 
an instant. For measuring the poten¬ 
tial between the auxiliary electrode 
and the cathode, a method must be 
adopted which absorbs no appleciable 
current and at the same time is as 
It should be accurate to about one 
centivolt. Fig. 35 shows a suitable arrangement. 

The terminals of a dry cell ate connected to the t^^'o erfds of a 
sliding resistance indicated as battery + and -. Thus any voltage 
between zero and that of the cel! may be lapped off between the 
slider and one of the ends. The former is inoved until this variable 
voltage just balances the voFage, to be m£asa''cd betvvecp thF two 
terminals indicated.in Fig. 35 uic Cathode and Auxiliary Electrode. 
The balance is detected by a suitable zero-instrun|ent such as a 
capillary electrometer. The value of the voltage, is then read off 
directly on a voltmeter placed in parallel. • 

Fig. 36 represents a box which contains all the instruments 
mentioned, permanently connected, and provides in addition a con¬ 
nection by means of which the voltage between anocl,e and cathode 
can^ be read off directly on a second scale of the voltmeter on ’ 


required, contain some other 



direct and rapid as 'possible. 
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cfepressing a key marked’anoda' This connection is .also shown in 
Fig. 35 - 

An arrangement serving a similar purpose in which the zero- 
instrument is a galvanometer has been described by A. Fischer.^ 



ifo.ii? 


4. Electrodes.- 

Electrodes of a large variety of forms liavc been employed for 
purposes of analysis. The material used in their construction is 
usually either pure platinum or its alloy with about to per cent, of 
iridium.* Owing to the very high cost of these metals numerous 
attempts have J5cen made to replace them by cheaper materials. 
As regards the anode, it is improbable that a *iti.sfactory .substitute 
for nlatinum'm’ctals will b(i fo^und, although the weight of these may 
be very mate'rially reclucorl by iriakiflg the’fi'arifcwork of the electrode 
of glass and confining the [ 5 recioiis lAptal to the working parts. 

A suggestion by O. .^rKflck to replace" the platinum by, tantalum 
which has been plated with platinum (Jeserves attention.-* Tantalum 
itself tthen tised as ^n ai,iode dod^'noj dissolve in the electrolj'tcs 
commonly emplayed in analysis, aud« this is obviously a^condition 
that even a pitted metaV must conform to. *It, however, becomes 
covered with a non-conducting film* of oxide when nof plated nvith 
platinura.,,According to O. ‘Bruncit, tantalum can easily be coated 

with platimfm clectfolyticafly,* and is also" manufactured as wire, 
« " *- 
' II. J. S. S;inii, Ik. at., p. iCj. 

E/r*lro-i^iii/}'li!ciie Sthmlhii/lhaifit, p. 100; V^nn. Zril., lijog, 33, 337. 

“ Chtm. '/.lit., Igl2, 36, 1433. 
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plated by a .special process by Siemens and Halske. It is not 
impossible that tungsten may lend itself to similar application. 

For cathodes, metals baser than platinum have been frequently 
employed. The general (ulc should be adhered to, that the metal of 
the cathode be more electro-negative than che metal to be deposited, 
although cathodes of nickel, a metal which easily becomes passive, have 
been used for approximate copper determination!;. 

According to Brnnck,' tantalum may be employed in the same 
way as platihum for cathodes in all cases. However, the fact must 
not be forgotten tha*' electrolytic -hydrogen .combines with it and 
renders it brittle.^ Imr zinc determinations nickel gauze may be-used 
which may be freed from deposited metal after a determination by 
means of warm diluted hydrochloric acid. Era.ss gauze has been 



Fio. 37 . 


similarly employed and electrodes of tin and of copper have also 
been used. " . 

For copper determinations cathodcj/if tilvcr have been suqcessifully 
employed." The deposited metal may be removed from these by means 
of hot dilute sulphuric acid (i : lo) to which some hydrogen peroxide, 
free from hydrochloric acid (zl c.c. perhydiv:^ per lOO c.c.), has been 
added,'* or by a cold solution centaining 20 g. trichloracetic acid,joo c.c. 
of'ammonia (sp. gr. 0-900) and 'lOO c.c. cf vvate''.'* If the electrode 
appears black thro'ugh roughening after use, it may ’bc brought back 
to its original condition by igiihiOn. . 

Mercury is frequently employed as a cathode, and as its application 

* Loc. at. 

" H. E. Medway, Amer, f. Sci., 1904 , iv., 18, 180 . U. J. S. Sand and W. M. Smalley, 
Trans. Faraday .Sbc., 1910 , 6 , 205 . » 

3 H. J. S. Sand and W. M, Smiley, U. at. * 

i* H. W. Doughty and B. Freeman,/. Amer.,L'he}n. 1921, 43, 700 . ' 
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has extended the range of elechdca) methods in chem'cal analysis, it 
will be referred to again below (pp. 101-102). 

In the design of electrodes, whether mechanical sfirring is resorted 
to or not, the most important consideration is that tl^ey should pro¬ 
mote circulation of the liqTiid. Low resistance of the liquid traversed 
by the current and good distribution of the* latter over the surface of 
the electrode are also points to which attention should be directed. 
A considerable advance‘in the* construction of electrodes was made 
by the introduction of metal gauze.' 



Statibnafty Electrodes.—Ttic fellowing arc a few rcqrresentative 
types of st;^tionary electrftdes. * ^ * • 

The electrodes originally^mployed by "Luckow, on^ of the pioneers 
of electro-analytical worl», are shown in Fig. 37.’ The c;*thode is a 
cylinA ical niece of foil, whereas the'afiode is constructed of wire iii such 
a way that the ggs Lubblcs liberated {r»m it at the bottom of the beaker 
stir the whole of the electrolyte. , • * 

Figs. 38"an<f 39 show the electrodes,* no doubt det'clofJfcd from these, 
used by.the Maiftfeld Smcltiif|g Works; it is advantageous to have a few 
slots in the. foil (Fjg. 38) fo •facilitate the' •circulation of the liquid. 
Fig. 40 shows the same electrodes held by ■Suitable stands, the rods 
of which ate made of glass. 

' H. Paweek, Z. EUktrochem.^ 1898, 5t 221. A. W^ukler, Eer,^ 1899, 3^ 2192. 

• ^ 
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Fig. 41 illustrates a platinum dish specially recpmmended Ijy 
A. Classen, and Figs. 42, 43, and 44, a stand and anodes that may 
be used in conjunction with it. • 

It has frequently bc^n found useful •to roughen the working 
electrode by sand-blasting in order to increase the adherence of the 
deposit; but such roughening is believed* to promote the occlusion 
of impurities in the deposit.' To meet this objection Classen recom¬ 
mends roughening platinum dishes only very slightly by means of 
dilute aqita regia. 

The main objectioijs to the pj^tiaum dish arp the very large amount 
of platinum fequired'and the poor circulation of tjie'electrolyte. The 
latter objection can be very largely met ,b/ heating the dish gently 
during electrolysis? For thi^ purpose a cirti’i'ar piece of sheet asbestos 



Fio. 45 , Fiu. 43 


may be attached to the lower side qf the ring supporting the dish and 
a bunsen»'jui'nfr be placed underneath it. RapicT rotation of the anode 
by nieqj^nisal mean^ has atsotljeen extensively applied. 

Figs. 45 »nd 46 illustrate wirp gauzg electrodes The former pair, 
which is dut to A. Hollard,-^may bo considered to be a development of 
the Luckow pattern, the? fflil of the cathode being rdplacecl by gauze. 
The letter form is due to V. M. Perkin.i Both electrodes may also be 
constructed of gauge. . . • , 

When mercifry is to be ifsed asn*cathode the-arrangenqent shown 
in Fig. 47, whicii was elaborated by W. JVI. Howard ■* jn Edgar F'. Smith's 
laboratory, mayjoo employe^ * • • 

It (fonei-sts of a small b(^kfr (58 c.c. cajjhcity), near the bottom of 
• • • * 

^ O. Scheen, Z, Elektroifiiem,^ 1908, 14, 257. * • 

A.' Hollard et L. Benmuj,^ifiafysepar Electrolyse^ 19065 p. II. 

^ F* Mo|^wo Perkin, Practical Methods of EUci^-Chemisiryf 1905, p. 79. 

* E. F. Smith, Electro-Analysis^ 1918, p.,66. 
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which there is introduced through f.he sfde a thin platinum wire* 
Internally the latter dips into the'mercury, while externally it touches 
a disc of metalc on which the beaker rests and by means of which 
electrical connection to the source of current is made. The anode 
may bo constructed of gauze, or one of the forms depicted in Figs. 39, 
43, or 44 may be employed. In the figure 
• the anode is arranged for rotation, but the 
^ apparatus may alse be employed for 
stationary electrolytes. 

Rotating: Electrodes.—A very great ad¬ 
vance in ciectrolytic a’nalysis Vas made* by 
Ul^o introduction of vigorous stirring of the 
\el'Jctrolytc. ''Sinpc the metal-ions liberated at 
a cathode are' supplied solely by the layer 
of liquid in immediate cont^N with it, their 
renewal is entirely dependent upon the slow 
process of diffusion unless convection currents 
supervene, i'Hus. in 190J it was shown 
mathematically by H. J. S. Sand’^ that the 
film of electrolyte'adjoining the electrode 
may frSqV.eiitly become completely pxhaustecT" 
of metal’ salt,with^very great rapidity when 
high current densities are eihplo^pd, wtiife 
the bulk of the liquid still contains large''qi|antitie.s in solution, and 
that the only way to prevent this is to employ rapid stirring, which 
thus may alter the v\'hole course of an electrolytic process. It was 
proved, for example, for an acid solution of copper sulphate, that in 
one instance in which 60 per cent, of the current was employed -in 
the evolution of hydrogen, vigorous stirring under "otherwise identical 
conditions caused the whole of the current to be utilised in the 
deposition of copper. , 

When it is remembered that the' succeos of cleetrblyt'fd raetnl- 
depocition frequently depends’ on co'nfining tk.e action of, the current 
to only one process, and tha'i the liberation pf hydrogen is frequently 
accompanied by the production of spongy deposits, it will bo seen 
that high current densities iqay'bfc usefully employed to*shorttn the 
duration of the process only wheq the electrolyte is vigorously stirred. 

In many cases determinations which require hours in stationary electro- ■ 
lytes.may be' [jerformed in as many minutes when vigorous stirring 
accompanied by high current densities fs resorted to. ^ . 

Mechanical stirring applied to elcct'fofytic analysis appears to have 
been first suggested in' '1886 by von Kldbukow,® and was utilised 
by various experimenters.^ Important extensions of this method 
( ‘ rkl. Mug., 1901 [vi.], i, 45. J.fr.’kl. Chem., i 386 , 33, 473. 
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were published by F. A. Gooch and H. E. Medway} in 1903, wlio 
rotated a cathode consisting of a platinum crucible of about 20 c.c, 
capacity at 600 to 800 revolutions per minute, and «it the same time 
employed considerably higher current densities than had been 
previously utilised. The (•xperimental arrangement wa's simple. The 
crucible was driven directly by a small electric motor placed above 
it with its shaft vertical. An exten.sion of the latter was fitted to 


a rubber stopper bored centrally, over which the crucible was pressed, 
and the electrical connection with the battery was obtained through 
the framework of thp motor ^y .means of fhe spindle and a strip 
of platinum Toil. Tfle anode wjs a cylindrical [j/ecR; of platinum. 


The method was subsequently extender^ b;^ F. F. Kxner,'^ R. Amberg,” 
and by A. hischer'and R.^J.^ocTdaert,' wh# 'employed stationary basins 
as. cathodes, and rotated the anodes of one 
* the forms slrpwn in Fig. 43 or 44, at 600 _ J! 

I tj) 700 revolutions peV minute. W 

• j| A consiclerable number of other devices 

fw rapid .clictrolytic analysis , have been 
designed by various investigators, of which A ^ 
the following are typical. 

4^ depiefi electrodes proposed ® “ 

i . ij,, ■ '^y l^erjdn,'' * who, like Gooch and J _ 1 

1 / * Medway, rotates the pathode. The latter is 

, made of,gir.iu2c, the anode is constructed of W 
Ij ^wire and has four baffle plates to minimise m 

Kiu 4s rotation of the liquid as a whole. ^ 

Attention may be drawn to the use of a 


bicycle* hub to provide a comparatively inexpensive and mechanically 
very perfect mounting for the rotating spindle. This arrangement, 
which first employed at Heathcote’s suggestion by T. S. Price 
and G.^lf.‘11.* Judge," is lybricated by a mixture of graphite and oil. 
An appreciable electrioal resistance is itlwayS present ift bearings of 
this kind, iind if it is ddsired to ^jvoid this, connection can be- made 


through a small cup c,qjit*iTning mercury* cemented 4 o the top of the 
spindle, into which the Teading-in wire flips (Fig. 49).’' 

T^e curfiode may be,attachcd*ti 5 tl^e spindle by means of a small 
chuck. The illustration a^so shoe's a vessel To^ the electrolyte first 
suggested by ^Tice anti Jludge," and favoured by many workers, which 
consists of a tap_-funnel from wliieh the electrolyte itiay be teadily 
withdsajvn after a determination. • . 

_ • # • 

• Amer. J. 1903, i\»., 15, 320. J*Amei. ihem. Sik.^ 1903, 25, 904. 

•* y.. Elektrochem.^ 1904. 10 , 38#. ^ IbKi.. p. 945. 

Practnal Method’i 0/ EPctroi/h'lnts/fy^yi. 81. *' Ttatis. Fttuidiiy Sof., 1906, 2, 87. 

T. S. Price angl T. C. Humphreys, /.•Eor. Chem, 1909, 28^119. 

^ Trans, faraday Soc.., 1906, 2,^7. 
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Electrodes sifitable for Use with an Auxiliary Electrode .—The following 
apparatus was designed by H. J. S. Sand ^ primarily to allow the use 
of an auxiliary electrode, but it embodies also other features that 
make it particularly adaptable to varying ‘conditions of electrolytic 
analysis. The two electrodes are shown in Fig. 50. 

They are, both constructed of gauze, and when placed in position. 



the outer (cathode) surrounds the, inner ,,to such a degree that the 
lines of flow of the current are confained completely between the two. 
The tip of thecapillary loading to tlie auxiliary electrode may therefore 
be placed anywhere in the^plectrolyte outside the outer electrpdc. An 
important feature in the construction of these elcxtrodes iis that they 
are held in position relatively to each other 'by a glass tube, in which 
the hollow stem of the inner one rotates freely, so that the clearance 


1 


1 

I 


Tram, Faraday Soc.^ 1909 , 5, 159 , rynd / dmn. Soc.^ 1907 , 91, 373 . 
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between them may amount tci only 3-5 mm. without risk of shdrt 
circuit. The glass tube is pushed’ through the collar of the outer 
electrode by which it is held, the collar in its turn is clamped in 
the electrolytic stand b^ means of an ordinary V clamp, the cork 
from the flat side of which has been removed, and preferably replaced 
by platinum foil soldered to the metal. The inner eleqtrode may be 
held by a chuck which is in metallic communication 
with the rotating spindle of the stand by means of a 
flexible connection. The framework of both electrodes 
is preferably made of y-idio-platigunj. The mechanism 
for* rotating'the anode may tjp constructed ig « 
variety of ways, but Fig. 51 shows how it may be 
made in a quite ‘satisfactojiy ifianncr frt*^ ordinary 
laboratory stock, 

• The rotatifig spindle con^'sts of* a glass or metal • 
tube of 5 or 6 ijim. bore and about 15 cm. length. On 

one end of this a wooden 
•pulley , is clamped by 
means of a cork, while 
tTie other end is con- i-u. n. 

tiniftcf ffy a piece of not 
*tgo tlnck-walled rubber pressure tubing. 
Into tk^<atter a chuck is wired by means 
of an iron peg fitted to it. The whole 
of the rubber tube and about half of the 
glass spindle are filled with mercury, and 
into this dips a short iron wire by means 
of which the current is led in. A drop 
of oil may be placed on the top of the 
mercury. The glass spindle rotates inside 
a wider metal tube or fairly thick-walled 
glass tube of about 10 cm.' length into 
wlifch it fits loosely. The top of this tube 
" is ground flirt and a .metal washer is 
placed between it and the pulley, the 
* surfaCe’of'^.contact being well lubricated 

with vaseline. Tl'fie surface^of con^a«t between'tbe two glass tubes is 
kept well oiled. This is»achieved .by attaching a short piece of wide 
tube to the bottom of the rotating spinfJle by mean^'of a tVell-fitting cork 
and paiyjng oil'into the trap thus fomned to i;gach above the bottom of the 
outer tube.*. This oij is draViT up between’the two tubes by capillary 
action. The whole arrangement is held by a clhmp fitted to a heavy stand. 
Fig. 521 shows an alternatfve construction on a complete stand. The 
rotating spindYe is here a {teel tube mounted in bafl bearinp. . 
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Fig. 54 illustrates an outer electrode of essentially the same design 
as that of Fig. 50, which may be improvised in the laboratory from silver 
or nickel sheet and gauze. The frame of the inner electrode may 
also be replaced by one of glass, as shown iu Fig. 53,' 

With the same purpeses in view, A. Fischer ha.s suggested two 
concentric stationary cylinders of wire gaiiza: shown in Fig. 55, and the 
use of a separate glass stirrer of appropriate .shape to stir the liquid, 
shown in Fig. 56. The. electrodes are kept in position relatively to 
each other at about 3] mm. apart by three glass rods fastened to 
the inner electrode and a glass tube surrounding the stem of the 
latter. • * , ^ • 

Other Methods of Stirring the Electrolyte.—A number of devices 
have been proposAl to obtayi vfty vigorou# circulation of the electrolyte 
without the usg of a motof. An in¬ 
genious appa%.tu.s of this kind, due to 
F. C. Frary,'^ is^shown in Fig. 57. • 

^ As will be seen, the durrent passes 
through the electrolyte yi ’tfie bcjiker, 
radially between a central anode and 
an outer cathode. Th» bealter is sur- 
' rounded^ by a s 5 lcnoi(J, the nfa^ifttie 
lines of which intersect the *liyes of flow 
‘oF thejcurrdnt at right angles. />'he 
result of this is that whcyi'a sufficiently 
large current is employed, rapid rota¬ 
tion of the litfuid is produced. Obvi- 
dli.ily the current cannot be reduced 
withoift also diminishing the rotation 
of the electrolyte* and in other respects 
too the apparatus will not ver/ readily allcjw such conditions as 
tcmpcrattii'c find quantity^of the electrolyte to be varied. 

* Wli*cn ^jmplc gauzf clcctfodea and '.small quantities'of electrolyte 
are cmploy'cd with very* high turrent’den.sity, the vigorous evolution 
of gas and the heating the cfectrolyte may pgaducc so efficient 
circulation that certain* simple determinations'iixiy be’carried out 
quit? rapklly without mechaniail* stirring. Thus J. T. Stod^iard 
employed a cyiinSrical gauze cathock- 3 cm. loifg and 3 cm. in diameter 
surrounding a cylindrical' foil anode 2 5 cn* long and'O'8 cm. in 
diameter 'in a small beaker contaihing altogether Aout 50,c.c. of 
liquid, and employed currents varying between i andl? amperes without 
.having reepursc to, mcchaflicfil stirring. .Shout half a gram of metal 
• 

* U. J. S. Sand and VV. MtSmalley, Ttan^. Faraday i'oe., 1910, 6 , 205. 
y. At^er. Chem. Soc.^ I907, 7 Q, 1592 ; 13, 308. 

J. Amer. Chem. ik-.^iyog, 31,^385. 
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w 4 s said to have been deposited quaptitatiVely in times varying from 
about ten minutes to about half 4 n hour. According to T. S. Price 
and T. C. Humphreys/ however, the results obtained in these times 
are not quantitative. • • 

Two further'methods of stirring the electrolyte without the use of 
a motor have been put forward by F. Fischer, C. Thiele, and E. Stecher.® 
One consists in stirring the electrolyte by means of hydrogen taken 
from a cylinder through a reducing valve. .In the other the vessel 
in which thc' electrolysis is carried out is partially evacuated by 
connecting it to an ordinary labor^toijy water-injector air-pump. The 
effect of this is niot,^onl)- to cause thp liquid to toil at 5 much lower 
temperature, but also to‘considerably increa.se the size of the gas 
bubbles so that the cfficiqnty of stirrfng \is ^greatl/ enhanced. 

In the form of apparatus in which hydrogen was the stirring agent 
a large boiling'tube of 30 cm. length apd 4-5 cm. bore^ts employed 
to hold the electrolyte. It had a few constrictions about 5 cm. from 
the bottom which served as a support for the wire-gauze cathocie. 
A spiral of wire formed^the anode. , . , 

The apparatus designed for use with the'pump was similar to the 
one just described, but here the gauze cathede was placed at the 
bottom of the boiling tube. AltlM^^i the results obtaineil .with this' 
form of apparatus prove that it is* quite'pojsible to obtain vigorous 
circulation of the electrolyte withqut making use of a rfiotor^yet the 
general adaptability of such arrangements Is. qot very high, and they 
fail particularly where any extension of existing methods is sought. 

The Use of Mercury Cathodes. 

The precipitation of metals into mercury with 'stirring has been 
referred to above (p. ,101). By art arrangement of the kind shown 
in Fig. 47, all troublc.s arising from the deyosition of the'metal in a 
loose and spongy form ave avoided.* Ofl'thc othei’ hand,p sniclH loss 
of mercury owing to evaporafion is*apt to occur. This, danger is 
minimised by washing with alcohol and ethpr,and drying at ordinary 
temperature. Great'attention must be paid to keeping the inside 
of tl^e cell ab.solutely clean, or d,rop 3 Vif the amalgam cling to the^lass 
and may possibly be* lost. Many of tjje advantages of mercury 
electrodes Tnay be obtained with, other instals if these are coated 
with ^ layer of mci*cury by electro-deposition before use. 

The use of mercury catjjodes has, in tBe hands of tdgar 5 mith 
and his collaborators, con'siderably exleilded electrical rtiethods of 
chemical analysis. Thus if h neutral solution bf copper or ziric sulphate 
be electrolysed with a mercury cathode and platinum anode, the 
' /tSoc, Chm. hid., 1910, 29, 307. J Z. Elitlfochim., igii, 17, 905 and 906. 
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sulphuric acid is quantitatively.liberated and may be. determined by 

direct titration. If the anode be plated with silver, then chlorides, 
bromides, and salts generally, the anions of whieh form insoluble 
silver salts, may be quantitatively analysed; the anion combining 
with the silver may be Veighed on the anode, the cathion at the 
same time being deposited into the mercury. The latter precipitation 
takes place even when the cathion is an alkaM, or alkaline-earth ion, 
though, insoluble or sparingly .soluble hydro.xidrjs may then be formed 
which tend to separate out in the liquid adjoining the cathode. 


These facts have l^cn utilisi^l b}' J. II. Hildebrand^ in the design 
of*a cell in which anions forming insoliiblc^ilvi»»^alts and cathions 
such as sodium that form soluble hydjox'ides may be determined 
simultaneously, ^n pri^icjple * 

it resembles the*Castncr-Kelf- , 
fter cell for the manufacture of 

cau.stic soda, ft is illustrated ’ + ' r— 

imFig. 58. 

The apparatus comprises --- 

an outer cell consisting of ^ _ 

crystallising dish^ ii !m. in ^ ^ ^ 

"diameter, and 5 cm." dcfp. , - 

lijside tjii.s is a beaker emt , Tl 

in diameter,* the bottom of (\M--rrr TTr~mM 

which has been cut off.sn that —'-t-Jr 

a ring is forrr|^d 4^5 cm. high. 

This rests on a Targe triangle of || y 

thin glass rod on the bottom 
o'f the* crystallising dish, and 
is kept in pq,sition by three 

rubber 4;to|)pers as shown. The object of this ring is to allow 
the inner compartment to J^e hermetically .scaled from the outer 
by rrieans ^f mercury. A fijm* of ^ solution, howcvei*, was found 
to form between the glass and .the mercury, permitting a • small 
quantity of salt to di0iise*from the inner to the oatcr co^mpartment. 
To prevent this the lo^er rim of tjjc bottomless beaker was first 
platinised,hnd th^n silvgr-platcd *t<? a.width of about 4 mm. .This 
was effected by use of a ^aturated solution of chloroplatinic acid, 
to which ^n ^qual volume of glycerin was added ; this solution was 
painted on, th^ bjpakcr dried at 3db^ and afterwardi^ carefully heated 
in a Ctuisen flame till the glass'just bef^n to soften. The film of 
adherent pktinum was then made the cathode in an agitated solution 
of potassium silver cyanide^ and a heavy’ layer of silver deposited 
on it which was finally amalgamated by,.agitatiqg it with mercury. 

‘ J. timer. Chtm. See,, 1907 ^ 29, 447 . 
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In the outer compartment there ifi a ring of about six turns of 
nickel wire, supported about i cm. above the surface of the mercury 
by wire legs. • 

In using this cell, which must be kept* scrupulou.sly clean, pure 
mercury is poured in so that its level is abeJut 3 mm. above the lower 
edge of the -bottomless beaker. The anode should be fitted about 
5 mm. above the surface of the mercury and be rotated at about 
300 revolutions per mijiute. The current is led Out of the cell directly 
from the mercury. The .solution to be electrolysed is put into the 
inner compartment; sufficient distilled water tc^ cover the nickel wire 
is placed in the ti'itcr compartment/ and to this is adSed I c.c.’of 
a saturated solution of conimpn salt. this arrangement the amalgam 
formed in the inner compartment is deconjpijscd as soon as it comes 
into the outer division, the latter .acting as a galvank; cell, the plates 
of which are' sodium-amalgam and nickel respective^, and th6 
electrolyte, sodium chloride. The' sodium hydroxide; formed in the 
outer compartment is determined direcfly by titration. ^ #. 

S. General Remarks; Disconnecting ind Drying the Electrodes. 

In electrolytic analysis, the *a)jp,arat\is slioiild always .be kept 
scrupulously free from grease, and the wonking parts should ncv.er 
be touched with the fingers. Tfiic is especially essential wh.2n good 
deposits are to be obtained from the smaller cun.-ent densities employed 
with stationary electrodes. The bulk of the liquid should be kept 
as small as the electrodes employed will allow, so as to facilita.te 
circulation, for it is easier to stir a small volume, but even with 
equally efficient circulation for all volumes, the time required for 
a deposition will be approximately proportional to the bulk of the 
liquid. A certain amdhnt of spraying is always likely to qcijur during 
electrolysis. The beaker or other ves.sfj ia therefore usually .covered 
with split clock glasses whicl;. have ,bcen suitably notcbid to admit 
the cl'ectrodes. Slips of mica, which are easy to cut and ier.s liable to 
be broken, jnay nlSo be cmploj'cd. Towards tho.cnd of a determination 
the cover glasse.s may be waslied down, although a.s a rule sufficient 
washing is effected by,the watar formed by ct>ndcnsijtion from vapours 
arising frogi the liquid. * • < ‘ 

Before disconnecting the elqctiodes afte'f the precipitation of a 
metal,* its complete ab.scnce from the electrolyte, sh^ould, wherever 
possible, be tested for chqAiically. '’Where this is not possible,"a plan 
frequently adopted with sthtionary electrodesj^is to'increase'the volume 
of the electrolyte slightly by the addition of a little water, and to 
make certain that ,no further deposit appears after ,somte time on 
the part of J:he electrode tljus freshly covered by the electrolyte. 
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When the potential of the electrode is kept under_control in rapid 
electrolytic analysis, the ammeter in very many cases offers sufficient 
indication of the removal of the metal to be determined. The current 
i.s usually started at abolit 3 to 4 ampere*; the cathode potential is 
then determined and kept constant. Since the action of the current 
is, as a rule, confined to only one elcctro-clicmical proce.ss, the current 
goes down to a small residual value of say o € or 0-3 amperes when 
the greater part of the-metal .ha.s disappeared from solution. After 
this, the potential of the cathode is gradually raised -by altogether 
about 0-2 volt, until^the current .which at flpt rises has gone down 
to«a constaift value *again, at wljich it is kejft fo^^bout two or three 
minutes. To obtain an insight into tlie theory of this method of 
working, it must*be rejne^b^ed that Raising the potential of the 
cathode by about 7 centivolfs at a temperature of about 80° or 90° 
torrespondsf ^ftcr equilibrium,has been reached, to a reduction of the 
metal, if univalent, to one-tenth of its former concentration in the 
s(jlution; raising the potential by twice this value to the reduction 
of the metal tc^ onc-hundrSdth of its original,concentration, etc. 

If the metal ion be bivalent, only half of the increase of potential, 
i.c. about 0035 volt, is flfcessary to effect the same ratio in reduction 
*of conceptfation ;* if the ion be^*^alent, one-third of the difference 
of voltaic will have th^ sanjc,effect. Unfortunately this extremely 
‘convenipnt rSethod of following tlje* progress of a determination can 
only be employed wl^en'iio substances arc present, such as nitric 
acid and oxides of nitrogen, which are slowly reduced at the cathode, 
or such substhnees as iron salts, which produce a large residual 
cTirrcnt by alternate oxidation and reduction at the two electrodes. 
The rtfsidual current may be very much diminished by adding powerful 
reducing sub.stances, such as hydrazine sulphate or hydroxylamine 
hydrochloride to the electrolyte. * • 

In most ^cid solutio^s, the metal dis.solve.s when the current is 
inTerrti|jtc 3 , after flepasitionVand •therefore the eicctricdl connections 
should be,left intact whfle thc*clqctro1yte is being displaced by-water. 
This is frequently donc,b^ introducing a* syphon tube filled with water 
into the beaker or dish «o that the edoctrolytc may be slowly run off 
frorff the tettom while it^is being tefilaged by pouring in pure water. 

With the iirrangement ^epicte^l «n Fig. 42^ tjie electrodes may be 
bodily transferred by me^Ins of yie stand iitto a beaker filled with 
pure water an 3 then disconnected. 'In a similar ma 3 iner,*if the cleetrodes 
are hsld sufficiently rigidly Try the^itand a;^ the beaker was originally 
.placed on *,3 tripod, or .sonTe Tilocks of wood, it may be removed from 
under the. electrodes anfl rapidly replaced lay another one filled with 
water. . ^ 

When thefliquid is mgchanically stirred, the funnel shown in Rig. 48 
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may be employed and the electrolytp withdrawn at the end of the 
experiment by means of the tap, while pure water is slowly poured 
in at the top. 

After their removal from the wash-water,'the electrodes are usually 
washed with alcohol and ether, special wash-bottles being used for this 
purpose, and then dried either in an oven or by holding over a flame. 

A very simple method of washing requiring less wash-water than ' 
the other methods described may be employed in conjunction with a 
stand and electrodes of the type u.sed by the present writer (pp. 104-106). 
With the.se electrodes a^ few drops of ^distilled water should be poured 
into the glass tubsj,,in \yhich the anode rotates U few minutes beferc 
the end of a determination in order to displace any .solution that 
may have been trapped in the tubd. Jhe clock-glasses are then 
removed, and the tripod or ring, on which'tlie Beaker stands, is removed 
from under it. A wash-bottle with water is then takcAi ,in the right 
hand and the beaker slowly lowered while the electrodes arc being 
washed, with the stirrer still running. As soon as the liquid h/is 
been lowered completely away from {he .electrode,s, the motor is 
stopped. For this purpose a switch or clisconnecting gear should be 
placed conveniently on the stand. The beaiicr with the electrolyte 
is then replaced by an empty oiTe;dhe tripod.or rifig being returned' 
to its original position and the clccfrotief 6'isc^pnnected. The pair may 
be conveniently removed simultaneously by holding oiily tlje stem' 
of the inner electrode. The cathode is iipajly dipped successively 
into a jar containing alcohol, and another containing ether, and dried 
by holding over a Bunsen burner for a few minutes. 


IIl.-SOLUTIONS EMPLOYED FOR ELECTROLYTIC 
‘ ANALYSIS 

« ■* ^ * 

I. Composition 6f flie Solution. 

An essential cpndition in regard to the iomposition of the solution 
is that it sh'ould conduct the current well. For tin's reason the presence 
of s^lts which conduct the current-without taking part in the pro*;sscs 
occurring at the elcctt'odes is b,encficial. Such “cbnjiuctivity salts” 
arising frorti the neutralisation of acids apd,alkalis arc often present 
as a result of preliminary chdnical operations pcrfcTrmcd on the 
electrolyte. Another point of impojtance L, that the'elSctroIyte fhould 
not change in character wlfile the metal*is*being (jepositeej*. 'For this 
reason neutral solutions Lorn which dcpositi of hydroxide are liable 
to form are, as a rule, avoided and simple dcid .solutions takeri whenever 
possible. Chlorides are seldom employtd, sulphates and "nitrates being 
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usually preferred. One of the* reasons for this is that there is sonit- 
times a tendency for the deposited 'metal to take up small quantities 
of chlorine from the electrolyte; the principal reasoq, however, is that 
chlorine may be liberated at the anode anjd attack it. This may be 
avoided by the addition af suitable powerful reducing agents. Thus 
Engels 1 in 1896 deposited tin from solution* containing small amounts 
of chlorides to which he added hydroxylamine. sulphate, later Sand ^ 
deposited the same metal from solutions containing considerable 
quantities of free hydrochloric acid after adding hydroxylamine 
hydrochloride, and recently E.^P.^Schoch and D. J. Brown ^ have 
extensively Employed chlorides ,in' the prcsXce^af hydroxylamine 
hydrochloride for the separation of metals. ' 

Very frcquehtl^ compjex, compounds oS the metal to be deposited, 
usually in feebly alkaline sdlution, arc employed. The reason for 
this is a two.fcHd one. First, .some metals show a tendency to deposit 
in loose crystals from simple electrolytes, whereas they forrh dense 
adjierent deposits if compltx electrolytes are used. The very general 
rule holds that Jhe morc.ccJmpIe.x {he solution of a given metal, i.e., 
the higher the deposition-potential, the more fine-grained is the metal. 
The second reason why^ comple.x electrolytes are employed is that 
Iheir appjicfttion very gceatly e.x^^flia's the range of electrolytic metal 
separations. Ihus, for ejampje, jn*nitric acid solution of copper and 
Bismuth^salts* the deposition-potential of bismuth follows so closely 
on that of copper tha^ ft‘quantitative separation of the two metals 
is not possible. In a hot solution, however, containing free tartaric 
acid, the bismuth forms complex compounds to a very much greater 
ejJti.nt than the copper, so that if the amount of bismuth present is 
small, a quantitative .separation may be effected. If, on the other 
hand, this solutioh be made alkaline and potassium cyanide added 
the copper forms complex cyanides to a prcp(jncicrating extent, and 
as a resiflf ?hc bismuth^ can then be quantitatively separated at 
smtabfc’pofentials Befose the*t:oppcr Begins to deposit. .In a similar 
manner copper is dcpo.sited ^fcrJ^ mtich before cadmium in acid 
solution; if, however, the.'solution be mmde alkaliqp, and potassium 
:yanide added, the formation of complex cyanid* is so mfich greater 
,n thPease of the former metal th*i.in*that of the latter that cadmium 
^ay be separated at potentials at ft-hich copper does not begin to 
deposit. While the value,of solutions of complcK salts is thu^ apparent, 
he fact must not^ be lost sight of. that the deposits obtained from 
hem show a cflstinct tendffney t<j give high resulfs owing to the 
pclusion of non-mqtallic iitiptiritics. In mjst cases this is probably 
lue to thc^ formation of Colloidal substances? in solution. 


* Z, EUktrochem., i8g6, 2, 418. 

Amerf Chem. Soi., 19^3, 38, 1*660. 


Chfm. 1908, 93, 1577. 
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2. Influence of Temperature. 

Since an incroase of temperature causes as a rule a decrease of 
transfer resistance and of. metal over-voltage, the separation of one 
metal from another may be performed \\«th greater precision and 
ease at a high than at a lo»f temperature. Although the fact appears 
to be established that metal deposits formed at a high temperature 
are more coarse-grained than those psoduced at a low one, yet most 
analysts will agree that the adherence of a deposit on a platinum 
electrode is usually improved by raising the temperature. Another 
advantage gained^hv t^e employment of a hign temperature is the 
very considerable decrease in the resistance of the electrolyte. 

t- 

3. Influence of Concentration. ' 

The effect of concentration of the metal-ion to bo deposited on 
the nature of the deposit is probably small in all cases in which 
complete exhaustion in the film adjoining the electrode is guarded 
against by maintaining the stirring efficieiicy sufficiently high and 
the current sufficiently low. • , 


IV.—GENERAL PRINCITLES UNDERLYING THE SEPARA¬ 
TION OF METALS FROM EACH OTHER 

The fact that certain metals are deposited quantitatively as 
peroxides on the anode has already been referred to and may be 
utilised to separate them from others. Thus, if a solution of lead 
nitrate be acidified sufficiently with nitric acid to make the precipitation 
of metallic lead on the ''athodc impossible, the lead may be quantitatively 
precipitated as the peroxide (FbO^) on the anode and thus' completely 
separated from such metals as copper, cadmium, or zinc, in a similar 
manner mangane.se may, by the use of suitable electrolytes, be separated 
from other metals as hydrated manganese [ttfoxide. 

The general principle underlying the electrolytic separation of 
metals' from each other as such'' ii the utilisation of differences of 
deposition-potential (se"e pp. 95, 105). The fact that fhtv method can be 
very greatly extendeddry the use of complex salts has already been 
referrfd to. WhereHhe differendfc in deposition-potential of the metals 
to be separated is considerable, c.g., of cop[ 5 cr and cadmium, the control 
of the potential difference between catliod’e and anode may often bq 
found sufficient. It is, however, very often’ possible to bring about 
conditions under which the more eleefro-positive metal cannot be 
precipitated with moderate current densities. This call be done by 
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making the solution fairly acid,and working at a high temperature. 

Hydrogen will then be liberated in preference to the more electro¬ 
positive metal. If an oxidising acid such as nitric acid is added, this 
will further hinder the lifieration of the mo»c electro-positive ion, since 
its reduction will, as a rule, begin at even lower potentials than the 
liberation of hydrogen. • 

The most electro-positive metal that can trc precipitated quanti¬ 
tatively from aqueous Solution on solid cathodes is probably zinc, and 
to effect this, both the temperature and the hydrogen-ion‘concentration 
must be low, i.e., only^a feeble c«;id. such as aa;tic must be present in 
small conccniration. "Oxidising substances .yich nitrates must be 
absent. ^ 

The still more electfo-^ositive mctaiTs, aluminium, the alkaline 
earths and the Tilkali metals cannot bo precipitated by electrolysis 
ffom aqiieoiw solution on solid cathodes under ordinary conditions, 
and therefore alj metals capable of’dcposition on solid cathodes may 
be.j'eadily separated from tfiesj. 

Many metal ions capai)lc,of liberation frotn the simpler solutions 
become incapable of deposition by converting them into complex 
anions. Thus tin^is ini?apablc o^f precipitation from a cold strongly 
alkaline splfltion of sodium ^thio.".',.".nnate in which a large amount of 
sodium .'iulphide is pre^nt. •Xytimony may be precipitated from 
a' sigiilar.solutTon of sodium thio-antim*onate, and on this fact a method 
for the separation of the.two metals is based. 
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PHYSICAL MEASUREMENTS EMPLOYED IN 
, TECHNICAL ANALYSIS 


By J. S. TiioaAs, D.Sc, Physicist to the Scri:'.h Mctio[fDlitan 
Gas Company, London 

INTRODUCTION 

Tiik aim of this section is to describe the more imfM.rf.int methods 
employed in chemical technology for the measurement of certain 
physical properties which are of value in technical analysis. From the 
nature of these measurements it is tustomary to regard them as 
physical rather than as chemical, altho'ugh it is not suggested that 
any marked dividing line separates the rea'm of physical measure¬ 
ment from that of chemistry. . 

At the basis of the science of ph)>j,icai measurement is the fact that 
the measure of almo.st all physical quantities can be expressed in teims 
of three fundamental entities—those of n.ass, length, and time. The 
most generally accepted unit of length is the centimetre, the unit of 
mass the gram, and the unit of time the second. , These are the 
fundamental units of the e.g.s, system. The conversion of the 
magnitude of any quantity expressed in one system of units* to any 
other system of rational units, is an easy matter when the relation of 
the fundamental unit,s in the two- systems, to one anbthcr, is known. 
Thus, by way of illustration, the conversion of the numfoif express¬ 
ing the number of grams per cu,bic ihetrc tp pounds per cubic foot 
requires a knowledge of the relation of the gram to the pound, and of 
the centimetre to the foot. The necessity for the conversion of any 
physical quantityTfom one set of units to another set of units frequently 
arises in technical chemistry; suitable tables are available far this 
purpose. 

I.-DETERMINATION OF SPEaFIC GR^YrTY 

• « 

The term “specific gr,a,Vity’’ mfeans the ratio of the true Hfcight of a 
given volume of a substance to the true weight of an equal volume of 

water at the same temperature,—indicated as dj. Specific gravity 

beifl^ therefore the ratio of two weights, is a number independent 
n« 
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of the fundamental units^of Vhe system employed. In this respect, 
specific gravity is contrasted with density, the latter being defined, in 
the case of solids and liquids more especially, as tjie mass per unit 
volume of the substance.* Consequently, tl^e value of the density of a 
substance is dependent upon the units of the system in which the 
density is expressed. Now the unit of mas,s is so related to the unit 
of length in the c.g.s. system, that the volume of i gram of water 
at 4°C} is I c.c. (actually experiments have shown that the volume 
at 4°C. is i'00OO27 c.c.).^ It follows, therefore, that in the c.g.s. system, 
the numbers expressing the spqpific gravity and the density are the 
same. When the weight of a sijbstance is d/termined in air, a cor¬ 
rection for the air displaced by the subst:/nce and by the weights 
employed is practically ,neifer’*made in technical practice, and the 
specific gravity of the substaiTce is then taken as signifying the ratio 
of the apparanf weights of the substance in air and of an equal volume 
of water at the,same temperature.* Should it be neces.sary to’reduce 
readings to vacuo, this can readily be effected by the use of the table 
contained in Physical nndjC/icmicat Tables, by Kaye and Laby, 4th ed., 
1921, p. 21. * 

Instead of being expressed in term.‘^ of the weight of an equal 
volume of \fater at the same temps^dture, the specific gravity of a sub¬ 
stance is.often expressed jn of the weight of an equal volume of 

* • / • 

waltr aP4 C., and indicatefi by d-f The relation between the two 

• . • * ^ 

quantities is easily seen to be— 

*' t t 

, a - d - X. density of water at t°. 

4 t 

The* following^table gives the density of water over the range from 
o°.to 39°, at iatervals of 1°. More complete tables will be found in 
Recueil ^onstnntcs Physiques, SocitUd Prau^itise de Physique, 1913, 
PP>i 3 i-.i 35 - •.*<'*. 

* Table pf the*Densitiy of Water. 


Temp 

Density. 

Temp.# 

• 

* *neiisity. 

• 

Temp. 

Doiiaity.^ 

• Temp. 

, Ueiifllty. 

0° 

0-«998r>76 

, 10" 

• 0-9997271 * 

• 20* 

0*9982303 

0*9980186 

0-99m66 

0*9976645 

30'^ 

0-9&66f32 

1 

0*999926» 

11 

0 •^96324 

0 }>99524(5 
•0*9994041 

. 

31 

0 9963670 

2 

3 

0*9999680 

0*9^999^0 

12 

13 

52 

• 23 

32 

33 

• 0-9950522 
0-9947290 

4 

1-0000000 

14 

0*9992718 

U 

0-997322? 


0-9943975 

0-9940578 

5 

0'999991i? 

• 1.T 

0-9f)912()l 

2 f> 

0-9970708 

• 36 

6 ' 

V9999680 

16 

0-9989697 

* 26 

•0-9968097 

86 

0*9937101 

. 7 

0*9lt^9293 

J7 

0'998!0U 

27 

Tl,*9966391 

37 

0'9938546 

S 

0*9998769 

18 

gO-9986220 

28 

0;9962594 

38 

0-9929911 

9 

0*9998084 

A _ 

19 

0*99^4315 

29 

0*9969703 

39 

0-9926200 


* Unless otherwise^tated, all tenipcnitiires*refei to the Centigrade sca*Ie. Chappuis^I907. 
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‘ As unit of volume, Mohr proposed to take the volume of i gram of 
water at 17-5° weighed in air with brass weights. It can readily be 
deduced that i Mohr litre = 1-0023 tfoe litre, measured in terms of 
water at 4°. The Mohr unit is often employed in volumetric 
analysis. 

In general, in chemical technology, occasions arise necessitating the 
determination of spcc'fic gravity more frequently in the case of liquids 
than in the case of solids or gases. 

A very simple and quick method for the determination of 
the .specific gravity of liquids, copsists in weighing the amount 
of liquid contained in' a pipette of i c.c. vcJlume, l^rovided with 
almost capillary tube.s. The pipette is graduated to amtain i c.c. 
of liquid at any desired vemperatufe, and the pipette is filled to 
the mark with the liquid at the required temperature, and trans¬ 
ferred to the • balance. In weighing, the pipette is''siipported on 
the pan in a horizontal position 'by means of a bent wire support. 
According to Ostwald, the method is accurate to o-ooi. More 
exact results are said to be obtained 'vith pipettes surrounded 
with a Dewar vacuum jacket, but the necessary adjustment and 
manipulation are then less simple. • 
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Most frequently the specific gravity of a liquid is determined by 
means of a hydrometer. Hydrometers must not be greasy, soiled, or 
damp, before introduction into the liquid; they milst 
be immersed carefully, and mu.st be read from below, 
at the height of the meniscus, that i.s' at Aj A., and not 
at Bj B.,(Fig. 59). ' ' 

Various scales are in use with such‘ hydrometers, 
and it will perhaps «.ssis‘c‘ in undei'ktanding'' tlife* origin 
and intcr-relatioft of^subh scales if some little attention 
be,paid to the theory of flje,Jiydromcter. Consider 
Kill. .'o. * then ^ hydrometer, the volume of the bulb up to what 
. • wc may regard*as •the zero of the stem^beiiTg V. 

Suppose the length^oT stem is.dwided ^int'o « equal parts, each of 
volume v' Further, let the hydrometer, vnmersed in a liquid of 
speci^c gravity' pn'sink to the* division rq (reckoned‘from zero) on 
the stem, and when immersed in, a liquid of specifi!; gravity,^.^, let 
the corresponding reading be rq. Iiet‘ W be, the wejglit of the 
hydrometer. As a deduction from Archimtdes’ principle, it follows 
that the weight of a floating body in a fluid is equal to the weight of 
fluid, displaced. ' ' , 
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Therefore 

From (i.), 

From (ii.), 

From (iii.) and (iv.) 


W == (.V + npu)fi^ 

W — (V + 


■ (i.) 

• (ii.) 

w " v" 

«I = - - - 

• 

■ (iii.) 



. W V 

* 

. (iv.) 

/t., = --- - 

7 lp., 71 



("i - ";) 


VV 


rr V/'i 


3 ^ 


If, therefore, the stem of the hydrometer (assumed throughout 
uniform in cross-section) were divided into a gumber of equal lengths 
and numbcre^l accordingly, the di/'ference of thfe readings of the hydro¬ 
meter in two liquids of different specific gravity would be proportional 
to the difference dT the r^cij>)ro“als of the Vcspective specific gravities. 
Hydroirreters graduated so aS to indicate specific gravity directly are 
graduated irv this manner, and such' hydrometers are fairiy often used 
for liquids ligMcr than water, but practically never in the case of 
liquids heavier than watei*. The nearest approach to direct reading 
is afforded by T,waddeirs,hyVlromet«r. The grjiduation in Twaddell’s 
hydrometer is made on t&c jDrinciple just explained, but the divisions 
on the .scale are number^ed in degrees, e^ch of which corresponds to a 
flifference^ of O’OO^ in Uie speeij'^* |;ravity. The zero of the scale 
corresponds to the poii(f to the hydrometer sinks in water 

ftj^nerally thi? water is taken at i S°)) so that 
• • 

Speeific gravity -- i + 0.005 '*'1 

where T is the<t;eading of the hydrometer in degrees Twaddell. Thus, 
8°Tw. = I'Oqo. No table is therefore required for the conversion of 
degrees^ Twaddell into ordinary specific gravity, and the value of the 
degree Twaddell is quite definite. To cover the range from l-oo to 
1-85 a set of .six spindles is employed. It is remarkable that this 
rational tiad.pjactical hydrometer should be almost universally used in 
tbi» ccyuitry, which is so^ vdly'ounservative and. unpractical.with regard 
to weights afid measures, ;vhilst ihe continental nations, which have all 
adopted th<? metric .sy.stem *f weights and sieasures (with the exception 
of Russia), have not yet*gdopted a rational hydroisqter. fit the scale 
of Flaischej^’s “densimeter,”' whicl^ i^.stimbles the Twaddell scale, each 

division rc^rc.sents»a change of o-oi In specific giwvity, so that 

• • • • 

Specific gravity i +0.01 F,» 

where F. is the residing on the Fleiscfier scale. 'I*he,degrees ot» this 
scale arc.jather Targe, and the scale iias fallen into disuse largely owing 
to that fact, and bees displa*ce 9 by the Twactdell scale, the degrees in 
the latter being half as large as those in Fleischer's. 

The specification of a hydrometer scale in whjch the degrees are 
' Dmgl. polyt^., 1876, 222^159. 
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represented by. equal lengths of the ?tem is certainly attractive. For 
graduation purposes, such a specification offers many advantages over 
the direct reading variety. In translating the abstract notion of such a 
scale of degrees into a working instrument, confusion has resulted. 
Baum^’s is the chief hydrometer graduated ir_ divisions of equal lengths, 
and is in common use in-the United States and on the Continent. 
Baumd’s original specification of the scale is as follows:—For liquids 
denser than water, 15 parts of pure sodium chloride are dissolved in 
85 parts of water at a temperature of 10° Reaumur (12-5° C.; 54'5° F.). 
The zero of the scale is the point tp which the hydrometer sinks in 
distilled water, ai\sl the point to which it sinkS in the* 15 per cent, 
solution of salt is market! i S. The distance between the zero and this 
point is divided into 15 equal parts', aiid {he stein graduated with 
a similar number of equal divisions. For liquids lighter than water 
the zero is determined by a 10 per cent, solution of sb'dium chloride, 
and the division 10 is given by di.stillcd water. The definition of the 
scale is unsatisfactory in many respect.s. Cij-, the salt actually used was 
seldom pure and dry. Numerous attempts have been.made to improve 
the specification of the Baumd scale, and such attempts have resulted 
in the production of a large number of confusing scales. C. F. 
Chandler' examined various Baun'" scales on the market, and his 
investigations disclosed thirty-four diFerenl' Baumd scales, none of 
which were correct. Gerlach determined the specifib grayity 0! a 
10 per eent. salt solution and gave the value T-n73ii at 14 ° R. (i7'5° C), 
and from this he calculated a table comparing Baumd degrees with 
specific gravities.^ The Gerlach scale is now practicably never used; 
the lower degrees do not agree with those ordinarily used, and the 
higher ones show extraordinary differences. 

The modern practice is to mark the hydrometers 66° B. at the point 
to which they sink in" “ English sulphuric acid” (/.c., sulphuric acid of 
concentration 93 to 95 per cent. HjSO,^) a( I7-S°C., and to’divide the 
space between this and'0° into 66‘equ.i) parts'by length. /He'rd, again, 
uncertainty is introduced by the definition ““ English sulphuric acid.” 
Pure acid_ was certainly never used, as is'prpycd by the fact that the 
specific gravity, 1-^42, which is usually coKsidcred the equivalent of 
66° B., is certainly greater thap thaf of pure sulphuric acid^at i^-5°C., 
even at its point of maximum den.sity (97, per cent. Flj.SOJ. 

The general state df confusion evidenced mbove, led Kolb, in France, 
to attempt to fon'.struct a “ rational ” Baumd scale, based upon the 
following considerations ;-r 1 '' , 

Let W be the weight >61 the hydrorfleler, and, V the vplume up to 
zero, the reading when fhe hydrometer is immersed in water (rf= i). 
Suppose «° is the reading v'hen the hydrometer is immersed in a liquid 
A(ad, Nai, Sciences, Philadelphia, 1881. ^ Dingl. polyi.J^, 1870, 198, 315. , 
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ponds to specific 


# ^ ^ ft 

of density d, and let v be the volume of one degree of the stem, the 
density of water being r-ooo, then * 

VV = V = (V-;roV/ 

1 'a W 

^ \ - 711 ) W - nv • 

If the stem be considered as having unit cross-section, so that the 
volume of stem represented by one degree is unit.volume, then i, and 

^ := — or W • 

VV - « a - I 

Taking 
gravity 

66 X J.S42 
* 0.842 
M4-3 . 

This is the relation between the specific gravity and the reading “ « " 
on*the “rational” Baumd s,caie. It is not without interest to notice 
that calculation gives the Value of W as more ixarly 144-4 than 144-3, 
although the latter figure is tl»e one accepted. Various other so-called 
“rational” Baum4 scales have ijccn based on a formula similar to 
the above, ejiffering only'in Wie jj-sITv; of the constant W. 

, .For liqui(;js heavier •than‘water,^as already shown, the relation 
betweei? the Baumd readigg and the specific gravity of the liquid is 
given by a relation of the'form 

*. d - 


dng tlje modej;*! practice avhereby 66 " B^ corres 
- r-842 at I 5“ C,, it follows tjhat ^ 

i 4 V 3 ( 8 ) 


W 


and d - 


\V 


W - « 

A slightly modified relation expresses the relation between the 
rational Baumd reading and the specific gravity of a liquid lighter than 
water. These latter are deduced frpni the corresponding scales for liquids 
of specific^g/avity greater than i, by the substitiftion of the formula— 

. . . , . ^ _ 

' * ^ (VV - 104 -«)’ 

the corresponding value t of W 'being. used. The following table 
contains formulie calciflajcd from the values d fen the specific gravity 
of a<JO per.ccnt. salt solution at tlv; respective temperatures stated; 



— t-'- 

• 

-£_ 

Tomperaturo 

f .. Hpecilio k'ravitv. 

JjIguH lioavicr thau 

Liquid li((hter tliaii 


d. 


Watw. 





12-5 

» • 1-073596 

_ * ll.ij-SS 

’ , 145-88 . 


* 

, 145’8S -» 

135-88 4 n 

15*0 • 

1-O7S3S0 ' ' 


146-3 


t) 

146-3-n. 

130 "3 + w 

17-6. 

1-073110 ' 

146-78 

136-78 

0 


, 146*7'*-n 

136-78 + 11 
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"The relation d= , / „ — is used .in connection with solutions of 

sucrose. In addition to Baumd scales already mentioned, two other 
Baume scales for liquids heavier than water are to be mentioned, 

viz., that used in Holland, in which d = jp 

144 — // 

America, in which rf «= 

' 45 -" . , . 

The following tabic gives the relation between the specific gravity 
and the corresponding Baume readings on various scales:— 

Relation between the Specific Gravity ana' the corresponding 
Baumd Readings orl various Scales for Sp. Gr. less than i. 
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14t; 7s-n 

71. 

0. 

,1 ._L‘L 

Uo'Tb- h 


H4-3-n 

U&“it 

• 


^ 144 3-n 

14,')-'ll 
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1 

1-0070 

1*0009 

1 *0069 

34* 

1^3083 

I *3063 

1*3015 

2 

1<0141 

1*0140 

ls0138 

, 35 

1. 3202 

, 1*3182 

1*3131 

3 

1*0212 

1*0211 

1*0209 ' 

A 30 

lv3324 

1*8003' 

1 *3250 

4 

1*0285 

1*0284 

1 *0280 

• v7 < 

1*3448 

1*3420 

‘ 1*3370 

5 

1*0359 

1*0357 

1*0353 

t 38 

1*3575 

1 *3551 

< 1*3493* 

6 

1*0184 

1 *0432 

1*0426‘ 

39 

1*8704 

1*36'/9 

1*3618 

7 

1*0510 

1*0507 

1*0501 ' 

40 

^ 1*3835 

1*3810 

1 '374't> 

8 

1*0587 

1*0584 

1 *0570 

41 

^•1^909 

1 •3942 

1*3870 

9 

1*0005 

3*0002 

1*0053 

42 

]*4100 

1*4078 

1*4008 

30 

1*074'? 

1*0741 

1*0731 

43 

1*4245 

I’i'JO 

1*4143 

11 

1*0825 

1*0821 

1*0810 

44 

1*4387 

1 *4350 

1*4281 

32 

1 0907 

1*0902 

1*0890 

45 

]*I532 

1 *4.500 

1*4421 " 

13 

1*0990 

1*0985 

1*0972 

40 

1*4080 

1 *4040 

1*4504 

M 

11071 

1*1009 

1*1054 

47 

1 *4830 

1*4790 

1*1710 ' 

15 

1*1100 

1*1154 

1*1138 

48 

1 *498 1 

•*1*4948 

1 *4800 

10 

1*1247 

1*1240 

1*1223 

,, 49 

1*5142 

1*3104 

1*5011 . 

17 

1*1335 

1*1328 

1*1310 

50 

1*5302 

1*5203 

.1*6106 

18 

11425 

1*1417 

1*1398 

51 

1*5400 

1-54‘JO' 

1 *5325 

19 

1*1510 

1*1508 

1*148“ 

5'4 . 

' 1*5031 , 

1 *5591 1. 

,l;548<i 

20 

MO’09 

11600 • 

1*1578 

' 5? 

1*?B01 

1*5701, 

1*50.52 

21 

1*1703 

l*]ii94 

1*10!0 

*^4 

1*5980 

1 *5934 

1*5820 

22 

1*1799 

I *1789 

1*1763 

1**1858 

' 55 

, 1*01.59 

1*0111 * 

1*5993 

23 

1 1890 

< 1*1885 

50 

.Ui342 

L*0j)29 

1*0292 

1*6109 

24 

Vim 

.1*?983 

1*1955 

57 

1*6477 

1*6349 

25 

1 *2090 

1*2083 

1*205." 

58 

1*0721 

1*6667 

1 *6533 

20 

1 2198 

1*2185 

1*2153 ‘ 

• 59 

1*0917 

1*0860 ' 

1-0721 

27 

1*2302 

1 •228f 

1 *2*/. 4 

00 

f*7ll7 

* 1*7059 

1 0914 

28 

1*2407 

1 *'2«93 

1*2357.* 

01 * 

1*7323 

1 **262 

1*7111 

29 

r*2516 

1-2509 

1-2462 

02 

*•7533 

1*7470 

1*7313 

30 

1 *202i 

112609 

1 *2564 

03 

1*7749 

1*7183 ' 

I *7.520 

31. 

1 *2730 

1*2719 

1 '2677 

04 

1*7970 

, 1^7901 

1*7732 

32 

1*2849 

1*2832 

1-2788 

05 * 

1*8197 

1*8125 

, 1:7948 

33 

1-2905 

1*2946 

/ ! 1 *2900 

60^ , 

1*8429 

1*8354 ^ 

' 1 8170 


In the case of liquids lighter thai^ water, again various scales 
are in use. The Baumd hj/drometer,for liquids lighter than water 
is graduated in one or othpr of two,ways, the specific gravity corre- > 
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spending to any reading n* being given either by the relatio’h, 

d = , or by the American formula, d = —i Cartier’s 

I36 + « ijo + w 

hydrometer is graduated "teo that 21' corresponds with 21° B. on the 

instrument for liquids lighljer than water; above and below this point 

16° B. = 15° Cartier. The Cartier degrees ate therefore larger than the 

Baume degrees in the ratio iC : 15. Beck's hydrometer is graduated 

so that the zero con'Cspond.s. with d ■= l-ooo and 30° represents a 

density 0 850; one-thirtieth of the intermediate distance-is taken as 1° 

and graduations of the value are jnade both abqve and below the zero. 

•The following taBfe gives tl\p relation betweja the degrees on 


the various scales and the specific gravity ;— ' 

Relation between the. degrees on various Hydrometer Scales 
and the Specific Gravity for Sp. Gr. less than i. 
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40 

0-8-295 
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0-9714 

41 

0-8249 

0-SI87 
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0-8140 

» ... 

0-8018 
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43 

0-8156 
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44 
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0-9497 

45 
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, 
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46 
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I 1.1 

0'9932 
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0-7265 

29 

(^^848 

0-8805 

0-8820 

0-8542 

• 65 

• . . 

0-7179 


0-7234 

30 

0-87C5 

0-8750 

0-8763 * 

0^500 

66 

• % 

0-7143 


0-7203 

• 31 

0-87A 

0-8696* 

o-siqj 

0-8457 

67 


0-7107 


0-7173 

32 

0-8690 

0-8642 

0-8652 

0-8415 

68 


0-7071 


07142 

33 

0-86^39 

0-8589 

0-8598 

(f'8374 

69 


0-7035 


0-7112 

34 

0-8688 

0-8537 

0-8545 

0-8338 

70 

• 

0*7000 


07083 

35 

0-8538 ' 

^0-8485 

0-84iU 

0-8292 





% 

—- 

— 

— 

—-- 

- •- 


_ 

_ 

_ _ 



^ Emeruy, Amer. Ckem.J., 21, Ii9«, 
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Table for the Conversion of Specific Gravities, at ^ , into 
“Rational” Baumd degrees. 


Sp. 

gf- 

•0 

•1 

*2 

- 

' *3 

•4 

*5 

•6 

■7 

*8 

■9 

0’99 










-0*018 

1*00 

0-126 

0-270 

0;414 

0-.657 

0-7(Vl 

0-843 

0-986 

1-128 

1-270 

1*412 

01 

1-553 

1-694 

1-835 

1-976 

'2-117 

2-257 

2*897 

2-63(J 

2-676 

2;^14 

02 

2-953 

3-®l 

3-229 

3-367 

3-5*05 

3-643 

3-780 

3-917 

4-053 

4*189 

03 

4-325 

4-461 

4-596 

4*731 

4-866 

5-001 

5-135 

5-269 

5-403 

6-537 

04 

6-071 

5-804 

5-937 

46-070 

6 *202* 

6-334 

6-466 

- 6-598 

0-729 

6-860 

1-05 

6-991 

7-122 

7-252 

7-38-2 

7-512 

'7-642 

7-771 

r-900 

8*029 

8-168 

06 

8-2.'<7 

8-415 

8-543 

8-671 

•8*798 

8*925 

9-052 

9'179 

9-306 

9-43,2 

07 . 

9-558 

9*684 

9-809 

9-934 

10-059 

1.0-184 

10-309 

10-433* 

10-.557 

10-681 

08 

10-805 

10*929 

11-052 

11-175 

17-293 

11*421 

11-543 

11-665 

11-787 

11-909 

09 

12*030 

12-151 

12-272 

12-393 

12-614 

12-634 

12-754 

12'874 

12*994 

13-114 

MO 

13-233 

13-352 

13-471 

13-590 

1.3-708 

13*826^ 

13*944 

14*062 

14-179 

li-*296 

11 

U-418 

14-530 

14-647 

14-764 

14-880 

u-99e 

15*112 

13*228 

15*343 

16-458 

12 

15-673 

15-688 

15-803 

15-917 

16*031 

16-145 

16-259 

16-373 

16*486 

16-699 

13 

16-712 

16-825 

10*938 

17*050 

17-162 

17-274 

rl7-38C 

17-498 

17-610 

17-721 

14 

17-832 

17-943 

18-054 

lli-164 


18-384 

18-494 

118*604 

18-713 

* 

18-822. 

1'15 

18*931 

19-040 

19*149 

19*258 

16-self' 

19'i74 

19 582 

19*690 

19-708 

19*905 

10 

20-012 

20-119 

20*226 

20*833 

20*419 

'20-646'' 

20*651 

20-757 

20*868 

20 -f6^ 

17 

21-074 

21-179 

21-284 

21*389* 

21-494 

21*599 

21-703 

21*807 

21*911 

22-016 

18 

22-119 

22-222 

22-326 

22*428 

22-631 

22-ffJ4 

22-737 

22*839 

22*941 

23-043 

19 

23-145 

23-247 

23*349 

23*450 

23*551 

23-655? 

23-753 

28*854 

23*955 

24-065 

1‘20 

24*155 

24-255 

24*355 

24*455 

24*554 

24*653 

24-762 

24-f!,l 

24*950 

25-049 

21 

25*148 

26*246 

25*344 

25*442 

25*540 

25*638 

26-736 

25-8.-)4 

25*931 

26*028 

22 

26*125 

27-222 

26*319 

26*415 

26*511 

■26-607 

26-703 

26-799 

26*895 

26*9’90 

23 

27-086 

27-180 

27-275 

27-370 

27-465 

27-560 

27-665 

27-749 

27-84V 

27-937 

24 

28-031 

28*125 

28*219 

28*312 

28*405 

28*498 

28*591 

28*684 

28-777 

28-869 

1*25 

28-961 

29-053 

29*145 

29-237 

2J'329 

29*420 

29*512 

29-6D3 

29*694 

29*735 

26 

29-876 

29-967 

rf()-068 

30-149 

30*239 

30*329 

30-419 

30-509 

30-599 

30*688 

27 

30-777 

30-866 

30-956 

31-044 

31*133 

31-222 

31-311 

31-4(ft 

‘3l‘*488 

31-576 

28 

31-6^14 

31-752 

31*840 

31-928 

32-015 

;32-102 

82 W 

32-270 

F2*3S«« 

32»460 

29 

32-537 

32-624 

32-711 

32-7,97 

32-88^ 

32-969 

S3-056 

33-141 

33*227 

33-812 

1-30 

33-397 

33-482 

33-667 

33-652 

38-737 

33-822 

33-907 

33-991 

S4-076 

34-159 

31 

34-243 

34‘327 

34*411 

34-495 

34-579 

34-662 

'3,<-746 

34-828 

34-911 

34-994 

32 

35^077 

35-160' 

35*243 

35-325 

36-407 

35-48{^ 

35-571 

35-653 

35-736 

35-817 

38 

35*899 

35-981 

36-062 

36-14‘o 

36-224 

36-305 

36-386 

36-407 

86-548 

^4^5-628 

«34 

86-708 

36-788 

36-868 

36*948 

■37‘-028 

37-107, 

37-187 

37-267 

Sj-346 

37-425 

1-35 

3J;604 

37*583 

37-662 

87-741‘ 

97-820 

37‘898 

37-977 

38-1)56 

38-134 

38-212 

36 

38-290 

38-368 

38-446 

38*524 

38'601 

38-678 

38-755 

38-882 

38-909 

38-986 

37 

39 063♦ 

39-14(!r 

39-217 

39-294 

39-370 

39-446 

39-522 

39-^98 

39-074 

39-750 

is 

39-826 

39'902 

39-978 

40 053 

40-128 

40,;203 

40-278‘ 

40i'363 

40-428 

40-603 

39 

40-678 

40-658 

40-727 

r ■ 

40-801 

46-875 

40-949 

« t 

41-023 

41-097 

iv\n 

41-246 
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Table for the Conversion of Specific Gravities —Continued. 


Sp. 

•0 

•1 

•2 

■3 

•4 

-5 

•6 

■7 

-8 

gf- 






. 




1-40 

41-318 

41-392 

41-466 

• 

41-539 

41-612 

41-685 

41-758 

41-831 

41-904 

41 

42-049 

42-122 

42-194 

42-266 

42-338 

42-4in 

42-482 

42-554 

42-620 

.42 

42-769 

42-840 

42-912 

42-983 

43-054 

43-125 

43-196 

43-267 

43-338 

43 

43-479 

43-550 

43<629 

43-690. 

43-760 

43-830 

43-900 

43-970 

44-040 

44 

44-179 

44-218 

44-318 

44-387 

44-456 

44-525 

44-:'94 

44-663 

44-732 

1-45 

44-869 

44-938 

45-007 

45-075 

45-143 

45-211 

45-279 

45-347 

45-415 

46 

45*551# 

45-019 

^#687 

45-754 

*45-821 

45-888 

45-955 

46-022 

46-089 

•47 

46-223 

46-290 

40-357 

46-423 

46-489 

46-555 

46-621 

''■■6-637 

46-753 

48 

46-885 

46-951 

47-017 

47-083 

47-148 

47-213 

•47-279 

47-344 

47-409 

49 

47-539 

47-60^ 

47-669 

47-73i, 

47-799 

47-8|3 

47-928 

47-992 

48-056 

1-50 

48-184 

48-248 

48-312* 

48-3fG 

48-440 

48-503 

48-507 

48-6,11 

48-694 

51 

48-820 

48-884 

48-947 

49-010 

49-0;3 

49-136 

49'199 

49-262 

49-325 

• 52 

49-44a 

49-512 

49-574 

49-6^6 

49-698 

49-760 

49-822 

49-8^4 

49-946 

53 

60-069 

50-131 

50-193 

60-264 

50-215 

50-376 

50-437 

50-498 

50-559- 

64 

50-681 

50-742 

50-803 

50-861 

50-924 

50-984 

51-045 

51-105 

51-165 


51-286 

51-345 

51-405 

51-4^5 

: 1-525 

51-584 

51-643 

51-703 

01-763 

56 

-61-881 

01^40 

51-909' 

52-658 

52-117 

52-176 

521:235 

52-294 

52-353 

57 

52-469 

52-528 

52-687 

52-645 

52-703 

52'761 

52-819 

52-877 

52-935 

68 

63-051 

53-109 

53-^ 

53-ft5 

53-282 

53-339 

53-397 

53-454 

53-511 

. M 

53-625 

53 

53‘73f 

53-796 

58-853 

53-109 

53-966 

64-023 

54-079 

1-60 

5f-191 

54-248 

54-30'l 

O-f-360 

541116 

54-472 

54-528 

54-584 

54-640 


W751 

54'807 

54-86* 

54-9)6 

f4-97.'l 

55-028 

55-083 

55-138 

55*193 

• *62 

65-303 

'55-358 

55-413 

55-468 

55-521# 

55-577 

55-632 

55-087 

55-742 

S3 

^ 5 -850 

55-904 

55-958 

46-012 

56-CHi6 

50-120 

56-174 

56-228 

66-282 

i 

56-389 

56-443 

60-4«7* 

56-550 

50-003 

56-656 

50-709 

56-703 

56-816 

1-65 

50-922 

M-975 

57-028 

57-081 

57-134 

57-186 

57-239 

57-291^ 

57-344 

06 

67'448 

57-601 

57-553 

57-605 

57-657 

57-709 

67-761 

57-813 

67-865 

! • 67 

57-968 

68-020 

58-072 

58-124 

58-175 

58-226 

58-278 

58-329 

58-380 

68 

58-482 

68-533 

58-584 

58-635 

58-686 

58-737 

58-788 

58-839 

58-890 

■ 69 

58-990 

59 on 

09-092 

59-142 

59-192 

59-242 

59-292 

59-342 

59-392 

1-70 

59*492 

'W542 

59-692 

59-641 

59;ii9] 

59-741 

59-791 

59-840 

59-890 

71 

^69-988 

CO-038 

60-087 

60-136 

60-185 

60-234 

60-S83 

60-332 

60-381 

72 

60»4f8 

►60-527 

60-576 

60-625 

60-G73 

60-721 

60-770 

60-818 

60-866 

.73 . 

^0-a52 

61-010 

61-058 

^) 1 - 1 ^ 

61-154 

»Gl -202 

61-250 

61-298 

61-346 

74 

61-4-y 

61-489 

'oi-f^7 

61-5^0 

61f!32 

61-679 

Cl-727 

61-774 

T,1-821 

1-75 

61-«5 

61-962 

62-009* 

il2-066 

G2«103 

62-150 

62-197 

62-244 

62-291 

76 

62-383 

62-430 

62-4*7 

,62-523 

62-569 

f,‘2-(ll5 

62-662 

6:i-708 

62-754 

i 77 

62-846 

62-892 

62-*3a. 

62-981 

63-030 

63-075 

63-121 

Iq3'167 

63*213 

78 

63-303 

63-349 

63-395 

63*440 

63-485 

,63-530 

63-576 

63-621 

63-668 

75* 

63^K6 

63-801 

• 

63-846 

• 

63-891 

65-986 

jj3-980 

64-025 

• 

64-070 

64-115 

1-80 

64-203 

6?-248 

64-293 

C*-337 

64-88% 

64*425 

64-469 

84*614 

64*658 

81 

04-646 

64-690 

64-73^ 

64-778 

64-8-22 

64-868 

64^10 

64-954 

64^98 

82 

65-^84 

«5-128 

65-172 

65-215 

65--^58, 

65-301 

65-3451 

65-338 

65-431 

83 

65-517 

6 i- 66 il 

65-603 

65-646 

65-689 

65-731 

65-774 

65^817 

65-860 

84 

05-944 

65-987 

66-030 

6t-073 

66^15 

60-15^ 

66-200 

66*242 

68-284 

. 1-85 

66-^88 



• • 


1 

\ 




•9 


41’977 

42- 698 

43- 409 

44- 110 

44- 801 

45- 483 

46- 166 

46- 819 

47- 474 

48- 120 

48- 757 

49- 387 

50- 008 
50-020 
51 -225 

61-822 

52- 411 

62-993 

53- 668 

54- 135 

64- 690 

65- 248 

55- 796 
60-330 

56- 869 

67-396 

57- 917 

58- 431 

58- 940 

59- 442 

59- 939 

60- 430 

60- 914 

61- 394 
61-868 

62- 337 
02-800 

63- 268 

63- 711 
84;159 

64- 602 

65- 041 

65- 474 
OS-902 

66- 326 



126 PHYSICAL MEASUREMENTS TECHNICAL ANALYSIS 


. » ‘ 

Special Forms of'Hydrometers. 

An instrumQnt for determining the specific gravity of small 
quantities of liquid, callpd an Aero-pyknT)meter, has been devised 
by Eichhornd ' It is a hydrometer which/contains a bulb, provided 
with a stopcock, between ,thc spindle and the gravity-bob; the bulb 
holds 10 c.c, and is fi,hed with the liquid under investigation. If the 
instrument is then immersed in distilled water at i/'S’’, the .specific 
gravity is indicated cfircctly on the scale. A similar instrument has 
been described by Rubpnstorff.' ^ ,. 

Special hydrometers, such as alcQholometers,'saccharimeters, aceto- 
meters, etc., have long' been used in various industries, some of 
which arc subject to offi(/ial controH Sirr^ilar instruments for the 
hydrometric examination of mineral Acids, alkalis,' and salts, made 
according to the most reliable' tablqs, have been introduced tJy 
G. Muller’; they are not, howetcr, in very genera] use. Detailed 
temperature correction tables for thesp hydrometers for nitric a^cid, 
sulphuric acid, hydrochloric acid, and anlmonia, aiuj also tables for 
a large number of liquids and solutions, have been compiled by 
P. Fuchs.* ‘ 


Temperature c^orrecrion j,or l^ydrometers. 

For purposes of conversion cf the residing of a hydrometo*' to 
the corresponding specific gravity, care Ih/j.st be taken that the 
correct conversion table is employed. The temperafure for which 
the hydrometer is graduated is generally stated on tlie hydrometer, 
and in general, if the temperature of the liquid differs from this 
temperature, the necessary correction for temperature must be applied. 
For all temperatures higher than the standard tcm[)craturc, the volupic 
of the immersed portion of the hydrometer up to a givenjp.iding will, 
in general, be greater than at ,thc stai^ani temper.ature. ^.Tl^ weight 
of the instrument will be the sgmeks qt the standard temperature. 

Since the hydrometer reading^s decrease upwards fro.n the bulb 
along the.stem, st^follows that at temperStfives above the standard, 
the hydrometer reads high, while for temperatures below the st:i^dard 
the readings will be low. If /„/= temperature at which the "hydrometer 
readings are correct, and t = te'inperature at which the hydrometer 
is used, the re^l specific gravity of the liquid kt t is givcij by. 

” " I). = ■ •' 

where D is the ob.servd.J specific gravity, and ^ the coefficient of 
cubical expansion of the material of the' hydrometer. .Using the 

^ Ger. Pal., 49683. • - Chem. ZeiL, 1904, 28, 88^. 

Chem. Zeit., 1898, 22, 104. * Z. attggw. Chm,, 1898, II, 745 and 909. 
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value 0-000023 as a mean valjie for glass, the error in the density 
due to a difference of temperature bf 10°, between the actual and 
standard temperatures, is of the order of 2 parts in 10,000. 

The temperature correction generally required in hydromctry is that 
necessary to reduce readings of a hydrometer graduated to indicate 
specific gravity at a specified temperature T, referred to water at a 
specified temperature T', to the basis of anotherhydrometer, standard 
temperature t, and water.reference temperature. The correction 
necessary can be determined from the following table’’:-.- 


(liven 
]la.sis tif 


t: 

4.. 


. 4 


URqiiirvO of Dqii^iby 


c. 


i i 

4" • 
If, 

10 " 

u”:5"c, 

17-0" 

ao* 

c. 

ao" 


0 

- no 

- 172 

- 217 
. 230 

1103 

- 1170 


”0 

1) ,,u. 

ll-b" 

•1> U 

I 

IfnfiR' 

• . 

’ni^.e, 


1 1 00 

17 r.- 

■Jii 

"af- 


• 


A (ill umU of HiUti docirria! pinin') 




• 

i- ]U> 

- 1 - 172 

n 21 J 

■i 230 

i-no4 

■1 1177 

-1-1459 

■1 1884 

+ 2931 

•0 

■I- 58 

V- 1«2 

■1 115 

t 989 

■1 KjJi 

! 131,5 

■1-1709 

-i 2816 

■■ 58 

0 

1 I- 45 

, ,73 

^ « 

■i 

■■ 1005 

■1 1287 

H 1711 

-1-27.78 

■ 102 

■■ 45 

• 0 

-1- i3 

\ 837 

I 900 

1 1212 

-J-1667 

1 2713 

• 11,7 

' 58 

• • 

- 18 

• 

• 

£ 

V 874 

■1 947 

t 1229 

1-1654 

1 2700 

- m 

ooT 

- 88G 

873 

0 

h 73 

1- 354 

0 779 

+ 1826 

■ i?(ii 

1001 

- 900 

- 947 

• 73 

(1 

H 281 

700 

1 1752 

-1343 

- 1*00 

1285 

1240 

1227 

-■ 354 

281 

0 

1- 424 

+ 1471 

-1708 

- 1664 

■ 16^1 

778 

705 

- 423 

0 

(■1046 

-*2803 

■ 2751 

-2707 

2694 

- 1821 

% 

- 1748 

1463 

-1041 

0 


• • 

• 

• 

i 






The use tif the table is« best eSplaincil by an e.xampic, Thus, 

• * • 20' * 

suppose the hydrometer imiicates correctly D ~„-C. "T'he correction is 
required in order J.hSt it shall jndicate sp. gr, D Correspond¬ 
ing to Dfi? In ^-rtical column, and horizorilally'is the v^luc 

+ 1062. •Accordingly, • t 

])’’ 5 : 5 £ ../d A (D „heJe A - 0.001062. 

115.56 4 .V 15.56; 

• U.S. Bureau of Standards.^ Ctriu/ar A ' o . 19. 
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Thus, if the' density indicatec} were 1-5760, then D 

would be, 

r 

1.5760 + (1.5760 ,! .001062) = 1,5760 + .0017 = 1.5777. 


When A is prefixed by a — sign, the corresponding correction is to 
be subtracted. 

The scale of a hydrometer is generally printed on a paper cylinder, 
which is then inserted in the stem of the hydrometer. The scale is 
liable to move with regard to the stegi, and for this and other reasons, 
hydrometers in actual use should be checked'' either by compasison 
with reliable standard instruments, graduated in real specific gravities, 
or by a comparison of thc'specific gravitv of a liqilid as determined by 
the pyknometcr or “sinker” method, \vith the value as determined by 
the hydrometer. , <. 

The Second International Congress of Applied Chemistry (1896) 
passed the following resolutions regarding-hydrometers:— 

1. The scales should be either in specific gravities, or in degrees 
Baum6, Brin, Balling, etc. The relation of the degrees of the specific 
gravities are to be determined by an International Committee. 

2. For liquids with different capillary properties, special hydro¬ 
meters, graduated accordingly, shduld be used ; otherwise correspond¬ 
ing corrections must be made. 

3. Readings should, as a rule, be taken, at the intersection of the 
surface of the liquid with the stem of the hydrometer, withput regard 
to the meniscus. In the case of opaque liquids, where this is impos¬ 
sible, the readings of a hydrometer which has not been specially 
calibrated for such liquids must be corrected to give read.'ng-s cor¬ 
responding to the actual surface of the liquid. 

4. Hydrometers should be provided with a centigrade thermometer 
graduated from zero point. 

5. One'end of the spindle should be provided u'ith a m^rk Coinciding 

with the final graduation of the scale, in order to be sure that the scale 
does not change its position. _ , 

6. The total errors of a hydrometer shov'ld not be greater than one 

graduation of the scale. • • • 


t 

Calibration of Hydrometers. 

For purposes of calibrating the readings of hydrometers, it is very 
desirable that a reliable "and accurate Vnethod for the determination of 
specific gravity should be available. Such i method is provided by the 
use of the pyknometer. The most convenient form of pyknometer is 
shown in Fig. 60. The weight of water and of the liquid whose specific 
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gravity is to be determined, respectively required to fill the pyknometer’ 
between the mark A and the end *of the limb B, is ascertained, 
the temperature in each case being adjusted to any •given value by 
immersing the pyknometer and its contents in a 
bath at the desired temperature. Excess liquid is 
removed from the limb B by touching the end of B 
with blotting-paper. According to Ostwald, deter¬ 
minations of specific gravity by means of a pyknn- 
meter can be made with the following accuracy :— 

Voluindof Pykiion**er ProhaMe Enor 

5 c.r. *±.oooi » 

25 C.C. « • + .00002 % 

200 c.c. * • , +.000002 

•When a vs>latile liquid is i^scd in the pykno¬ 
meter, the latter js provided with csfps at the ends of the limbs. 

l^^the pyknometer is filled w,ith liquid at temperature and with 
water at temperatijre anol^if, , 

W|, W^iglit «r pyknometer empty, 

. ^ tVc’ight of p^i}ometcr +water, 

• W.j \V”cight of pykJometer +liquid, 

• • * • * • 

all'vve^h^^s beinf; corrected for buoyancy of air, A -- Density of water 

at /„, then specific gravity,o£ Tiquid, 



Fi<j. oO, 



4 


w^v„ 

W, + 'V„' 




where y'- coefficient of cubical expansion of the material of the 
pyknometer, andjfquals 0-000023 for ordinary soft glass. 

Ostwald has pointed out that in very exact metfsurements of specific 
gravity by means of the p)*knopieter, attention must be paid to the 
fact Aat Ae glass after expansion t>y heat,does not immediately resume 
its original volume on cooling. Ho therefore advises avoiding the 
application of heat for. cleaning purpose.s, and suggests that the 
pyknorrieter should be cleaned by treatpicnt successively with water, 
alcohof or .dther, tjic latt.er being*, rapidly removed by a current 
of air. Care mest be takeA that tht; ether leaves no rcsjdue on 
evaporation. . ^ • . ' 

The Westphal^balancc is frequently employed for tha determination 
of the speoi^c gravity of liquids, and sfs modifi^ed by Mohr can be used 
for. solids and liquids. The *\\fcstphal balanc'c is shown in Fig. 6r. 
The plummet employed consists of a mercurial thermometer enclosed 
in a glass case, and this is suspended from tlip right &{m of the balance. 
Jhc beam is fir?t counterpoised, so that the ^balance is in qquilibuum 
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when the plummet is sunk in distilled water, by placing riders in 
suitable notches in the beam' as shown. When the plummet is 
immersed in liquids of other densities, the weights are adjusted 
until equilibrium is restored. The weights of the various riders 
are so adjusted that the density of the liquid can then be read 
off directly. Mohr’s modification is shown in Fig. 62. The plummet 
together with the suspending platinum wire weighs 15 g., and the 
displacement of its volume is equal to 5 g-. Of distilled water at 15°. 
Riders are provided whose respective weights are 5 g., 0-5, 0 05 and 
0-005 g- respectively. To use the I alance, the larger rider is put on 



Fid. 61. ■' Fio^ 65 . 


the same Hook with the plummet; and the laHterTmmerspd in distilled 
water, when equilibrium is restored : in This position ^he platinum 
wire twisted rotnd the top of the plummet ,\s below the surface of the 
water. If the liquid whose density is requJred is lighter than distilled 
water, when the plummet is immersed in it, the jarge rider must be 
placed on the divided beam, so that equilibrium is restored. Should 
the large rider require to be placed bet.reen two notches for this 
purpose, it is placed on the' notch of lower value, and then the 
next smaller rider employed in like manner. Should the ,^position of 
the second rider fall bfetween two notfchts,'t is Jikcwise^ilaccd in the 
lower valued notch, and succeeding riders employed in the same 
manner until equilibrium is restored. Should two riders be required 
at \he same notch, the smaller is suspended from tile larger. The. 
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specific gravity of the liquid is then read off directly to the fourth 

decimal place from the divided beam. If a liquid heavier than dis¬ 
tilled water is tested, the jjrocess is as described, extept that one of 
the large riders is hung from the hook with the plumgiet, while the 
others cross the beam at thifir respective appropriate notches. 


Flotation Method’for Determining Specific Gravities. 

When the,Ii(iuid wljosc speciftc gravity is required is available in 
exceedingly small quantity, the best method is^to determine a mixture 
of liquids alcohol and water) in whief^the liquid is insoluble, in 
such proportion that the clertsity of the mixture is equal to that of 
the liquid. Haviilg found liquirls in which the given liquid is insoluble, 
a‘series of mixtures of these, is made, and, by trial,'two acljacent 
members of the .series arc determined, such that a drop of the given 
liqug^ released from a fine' ti»be under the surface of the mixture 
descends in the one and^assends in the othor. The relative pro¬ 
portions of the constituents the mixture are then adjusted, until 
the given liquid \^ien iatroduceri below'the surface at any depth 
remains stationary. The-spofific gravity of the mixture is then ascer¬ 
tained by -any of the prcBcding. mctho^tls, and is equal to the specific 
gravi^^ the liquid in qiujstion. Gare must be taken that no air 
bubbles arc attached to iitc drop of liquid when introduced into the 
liquid mixture. , 

A similar method can be applied for the determination of the 
specific gravity of solids of which very small quantities only are 
obt'ainabTe. The following liquids of high specific gravity are useful 
for this purpose 


• 

« 

• 

• 

• 

HoIvonL. 

f 

Maximum c^enHily 
of 8uluUoii 

• 

• 



Double lotii'lc of I’otffssiii^i^itnd 
CiicJniiuin jioiotunpst.ilc . 
Meicuric and Ibirium Iodides . 

Mercury 

V'f.TtcT 

• 3-19ti 
• 3-281 • 


• 0 

3-588 

•Methyidiie Iodide 

•. • 
• 

Benzene 

• 

• 

3'33 


• 

•' ■ 

t 

• 

• 

• 

• 

• 

• 

• 

• • 


9 • 

Determination of Speeific Gi^vity by Use of a Sinker. 


• The specffic gravity of j liquid can be vety accurately determined 
by means of a sinker, provided the liquid is not too volatile, and is 
obtainable ii\ sufficient quantity., A glass tinker containing mercury 
or lead shot i* made of the fonn shown ie Fig. 63. This sinker is 
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In carrying out determinations of specific gravity by this method 
capillary effects produced at the'poipt where the platinum suspension 
wire cuts the surface of the liquid reduce the sensitiveness of the 
balance very considerably. This disturbing factor can be reduced by 
coating the wire with platinum grey, as suggested by Kohlrausch ■ 

‘he platinum wire the 

kathode in a 3 per cent, solution of platfnic chloride bontaining a 
trace of lead acetate . .^nothcr piece of platinum wire is used^as 
anode, and current from a battery of about 4 volts E.M.F. is passed 



unh -1 the kathode « coat?d vith ^^latinum black. The wire is then 
removed an 3 heated in a J^unseii^ flame To redness. 

The singer method ha. been applied .by the Cambridge and Paul 
Scientific Instrument ■Campany to the constructioi* of recording 
dem..met^. whereby a continuous ceSord is obtained of the density 
of a liquid (see Fig. 65). The ^inkcA F is.suspended b! a "fin^ 
rdatinum wire in such maimer aS *to be totally immersj in the 
liquid in que*.on. The suspended.wire is coiiect«l to the tell 

r Th^'^^ ’ °f which are transmitted to the 600m 

I. This boom is attachecL tp a vertical kteel wir» i a 
to,., b, 1, .e,W 
by .he ,e.,.,a„ce to torsio. of ,h. 

/l«».V%s(,f, 56, p. *85. 
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helical spring K. The boom I swings'above the drum D of a 
thread recorder. The drum rptatfis at a predetermined rate and 
carries the recording paper. A clock-driven cam operates the cam 
wheel C, and tiie pressor bar A is depressed at intervals of half 
a minute or one minute. The pres.scr bar dcpres.scs the inked 
thread on the recording paper at these intervals, .so that a record 
in the form of a series of dots practically forming a continuous line 
is obtained. In the intervals between the depression of the bar, the 
pointer is free to take up another position. Ordinarily a full scale 
deflection of 8o mm. corresponds to^a change of 2-5 per cent, in the 
density of the solution. The record sheet cad be calibrated to read 
directly in terms of specific gravity. 

In another form, emploj'ing two sinkers of exactly the same volume, 
the one immersed in the solution, a reco.d of whose density is required, 
and the other in water at the same temperature, the effect of 
temperature changes is eliminated. 


Coefficients of Expansion of Liquids; Aiisoi.utf, 
AND Ai'I’ARENt' 


The value of the coefficient of expansion of a liquid is frequently’ 
required in chemical technology, aS it enables the value ot the specific 
gravity of the liquid to be corrected to any desircc^ terflperatqrj. 
Moreover, a knowledge of its magnitude is of especial imporLante in 
calculating the allowance to be made for expansion space in transport 
and storage vessel.s. The coefficient of expansion, can be most 
accurately determined by means of the pyknometer. 

The weight of liquid filling the pyknometer at temperature is 
ascertained and found to be (M-f;«). 

The weight of liquid filling the pyknometer at .some higher 
temperature, is likewise determined and found to be M., , It follow.s, 
therefore, that if p = the density of t,he liquid at sipce, a mass 
(M-(-?«) fills the pyknometer at terrtperature • 


, M + w 
l> 


V, 


r 


V being the volume of the pykilonctcr at 4 • *. 

In like manner, if E = coefftcienT of absoliTte cxp. 1 n.smn of the liquid, 
and g = the coefficient of expanfioh of the' material of the pyknometer. 


M' 


i + E(/„-q)f = v{ I 




Er 




+ 


; M 


Hence 
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It must be noted that when* a liquid is contained in a vessel, any 
expansion of the liquid is accompanied by an expansion of the vessel. 
The apparent expansion of the liquid is for this reason less than its 
absolute expansion, and for storage and trapsport purposes it is this 
apparent expansion that i^ important. The coefficierft of apparent 

1 U 

expansion A, is given by _ —. (A'./i. TVI = weight of liquid filling 

pyknometer at tipper tefnperatura 4) 


•*1 


E = A+,? 


M + m 
.M ■ 


As, in general, vi is small compared with M, the above equation may 
be written:— • • % 

. • .V„-. A+,f. 


Ii*the pyknonjeter be of quartz,^«,>- = ()*(very nearly) and E = A. 

The coefficient of expansion of Uie liquid can also be accurately 
determined by a.sccrtaining- tl^ specific gravity of the liquid by the 
sinker method a,t two tomiieratures, temperature corrections being 
applied as already cxplaii 7 cd ^p. 129). The difTiculty of maintaining 
the liquid at any desired temijerature ■ is reduced if one cho.sen 
temperature is, if possible, o'^ and tljc other atmospheric temperature. 
The readings of .specific gyivity jn.y'thcn be made by the hydrometer, 
tRe*i^eqjution? already specified and^tne corrections enumerated being 
applied in every case. ^ * 

P/, being the specific gravity at q, and Pi, the specific, gravity at q. 
E the cocfficicnt*of absolute expansion. 


I I 

Pi, ei, 


+ K(^-0} 


giving K - 


Pi, ~J% ^ 

pr - fi) 


'The coefficient of expansion is Also determined by the dilatometcr. 
An ^appar^tu.s Tvhich allows^for the simultaneous examination of eight 
samples lias^bcen dSvisdd by ftoldo. 'J he dilatometers (Fig.s. 66,67, 
and 68) havg the shape of bulbs of aljout 30 c.c. capacity with graduated 
stems. Ihc initial volqnsq of liquid is adjhsted in a Jarge water bath 
as shown in Fig. 67. lior higher tejnpcraturcs, fhe water bath I? 
is plated qi* a vapour bath heated by a*Eun.sen burner. The vapour¬ 
ising liquid is d^iscn accordii;g to the tcmpcraluCe Jo be attained in the 
bath. Reflux condensation is provided for at c.» A number Cf dilato¬ 
meters, togethe’r^with a thermometer graduated to tenth's of a degree, 
are suspended by means of fubber ^-ings in the bath.* Fig. 68 shows' 
the method.of charging the dilatometers vtgeh the liquid by suction 
with a capillary tube. TTie stems of the cHlatomctcrs are carefully 
calibrated with the aid of mefeury. The volume up to the zero mark 

is determinedly weighing the tiilatometer filled lip to the zerowith 

• • 
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t I 

Water at an ascertained temperature; the weighings being reduced 
if necessary to vacuo. The coefficient of expansion is given by 



v.(4-'0 


+ S' 


where V, and Vj are the volumes at /„°'and respectively, and g 



Kim. 00* FiiJ. (37. PiQ. C8. 


is the coefficient of expansion of the material of the dilatomOter. 
The value of the coefficient of cubical expansion E having been 
determined, the correction of the specific gravity of the liquid to any 
desired temperature js given by ' ' 





where and Dj are the respective specific gravities at temperatures 
and /), the specific gravity in each case^ Being in terms of water 
at a single temperature, such (is,, 15°. If the density is Jo be 
expressed in terms of watel" at‘A, the further c»-rrection* on p. 117 
must bejntroduced.' < • ‘ 

« f 

< < , ' • • 

' Relative De,nsity of Gases * 

For gases, the term‘density or rela'tiile density is more commonly 
used than the term specific gravity. By the absolute density of a gas 
is meant the mass of unit,,volume (i c.c.) of the gas measured under 
starfUard conditions of temperature and pressure (o°CI and 760 mm., 
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mercury pressure). In technical practice the measurement of absolute 
density of a gas is seldom called fpr, and the relative density of a 
gas is what is practically always required. By relative density is 
meant the ratio of the weight of a given volume of the gas to the 
weight of an equal volume of air (or hydrogen) rrreasured under 
the same conditions of temperature and pressure. All gases follow 
very closely the two gas laws, viz.:— 


The Law of Chartes: the volume of a given ma.ss of gas under 
constant pressure is proportional to the absolute tempera¬ 
ture of the gas; and * 

• Boyle’s Law: the'volume ot a given mass of gas at constant 
temperature is inversely proportional to the pressure to which 

the gas is subjected? 

• • 


• As a consequence of Charles's La^fr, it is obvious that in the case of a 
gas, the relative density of the gas being measured in terms of air (or 
hydrogen) under the same conciitions of temperature and pressure, the 
rol^five density is indepei;dent 'of these conditions. If the value of the 
density of the gas under various conditions of temperature and pressure 
is to be expres.sed in terras of*air ^or hydrogen) at any fixed tempera- 
ttirc and pressure, The calculation isjnade by means of the relation, 



• 1^1 •- A 


where U, is the relative efonsity of the gas under conditions of pressure 
anil absolute tAnperature represented by Bj and Tj, the suffix 2 having 
similar reference to the conditions repre.scnted by Dj, Rj, Tj. Thus, if 
tile deiwity of coal gas at 15 ’ and 760 mm. pressure is 0-430 (measured 
in terms of air at 15° and 760 mm. pressure), then at 30" and 780 mm. 
pressure the density of the coal gas'in terms of :jir at 15° and 760 mm. 
pressure waitdcJ be Dg, given by 

’yfio _j » 78 0 

0-130x1273+15) • 1^(273 + 30) 

l) ^•0,430x780x288 
' • 760 X 303 


giving 


0.420. 


Chemical theory fiidicatcs that if ‘tl^e ’relative* density of a gas be 
expressed in terms of hydjogen (under'the same conditions oflempcra- 
turc and pressidc), then the molecular weight of the?gas *s represented 
by twice ^the density (relativt to hydrogen). It was customary up to a 
few years'ago, to exjire.ss tha atomic weights*ytf the elements in terms 
of hydrogen = 1. The attjmic weight of oxygen on this basis is 15-901. 
At the present time, the intefnational atomic weights are expressed in 
terms of oxygen = 16, and the relative de’nsities oT various gase* are 
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f»equently expressed in terms of oxygen a: i. ‘The following table contains 
values of the densities (relative ar^d absolute) of various gases:— 





1 WiOiglit in granis 

of onn litre of rs.s 





. 
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— 

Uclativo Don.sily of 

Gas. 

* rt 

S 5 

Ufolerulai 

I'unmila 

Woiiiht 

Dry 

< 

SaLuralPil 
with water vaiioiii 


Dry Oils 






' .. 





1 




At (1 C, 

At ir. c. 

At 0 C. 

At Ib C. 

Air 

(»\yRoii 

=7 1 

llyilroRfiii 




<1701)111111 

iVTOOiiim 

A 700 mill 

AVOO Irini 

r: 1 

l 

Acetylene. 

c.,n., 

26*02 

ri8i 

1*1*20 

Ji79 

1*1H 

0*914 

0*826 

13*14 

Ammonia . 

Nil., 

17*03 

0-7708 

0'7307' 

0-7711 

0*7tfi 

O-SIHG ' 

0*5394 

8.-677 

Benzene 

C,ii« 

78-05 

3*486 

3*304 

'3*470 

3*261 

2*698 

2*438 

33*79 

Butane 


58*08 

2*599 

2-464 

2*580 

2*436 

2*010 

1*819 

28*92 

Butylene . 
Carbon 

C.ll, 

56-06 

2-504C 

2'37S 

2*194^ 

2*346 

«i 

4*937 

1*752 

27*87 

Bisulphide 

CS„ 

76*14 

3*401 

3*224 

.rs^o' 

3-183 

2*031 

2*380 

37-84 

Carbon 




* 






Dioxide . 
Carbon 

C 03 

44*00 

1-9768 

l'87a8 

l*9f0 

1-854 

1*5291 ' 

1-3833 

21-996 

Monoxide 

CO 

28*00 

1*2504 

1*1854 

1-248 

I-I78 

0-91*72 

0-8750 

13*913 

Chlorine . 

Cl., 

70*92 

3*221 

3*053 

3-2117 

3-015 

2*492 

2-254 

3.V84 

Cyanogen. 

(CN), 

52*02 

2-336 

2*215 

2-3-.>7 ' 

S'lDl 

I-807 

1*635 

25-99 

Ethane 

C,H„ 

30*05 


1-286 

1 - 35 ;? 

.1-277 

l-d.-iO 

0-949 

15-09 

Ethylene . 
Hydrfodic 

C.II, 

28*03 

1*261 

1*106 


1-189 

«> 

0-979 

()*882 

14-03 

Acid . . 

HI 

ia7'9,i 

5*659 

5-364 , 

i-o-OliO 

5‘-28,'i 

♦-377 

3-900 

62-9i 

Hydrobro- 

Hlir 



• 


♦ 




mic Acid. 

80*93 

3-505 

S’Jiaa' 

3-4S8 

.‘i-277 

2-711 

2*453 

39-00 

Hydrochio- 




I 

l-(i31 





ric Acid . 
Hydrocy- 

HCl 

36*47 

1-6398 

1-554.1 

1-541 

1-2681 

1-M7,'--. 

43-240 


ante Acid 

HCN 

27*02 

1 *206 

1-113 

1*204 

i-.P37 

0-933 

0-844 

13*‘12 

Hydrogen 

H., . 

2'016 

0'0S987 

0-0S519 

0*01)433 

0-09651 

0-009f2 

0-06289 

1*0000 

Hydrogen 

Sulphide. 

H.S 

34 -OS 

1*538 

1*458 

1*531 

1*447 

1-190 

1-070 

i7-;i 

Methane . 

Cfl, 

16*03 

0-7168 

0*6798 

0*7178 

0-6808 

0*5545 

0-50IC 

7-970 

Nitric Oxide 

NO 

30*01 

1’3402 

1 -2701 

1-337 

1 *262 

l-0;!(i7 

0*9379 

14-913 

Nitrogen . 
Nitrogen* 

N,, 

2H-Q2 

l'a307 

1*1856 

1-248 

1-179 

0-,9074 

0-97^0 

0-8752 

13-917 

(atnio.sphenc) 

Nitrous 


i 

1 *2566 

l*19ia 

1*254 

1*185 

0-8794 

‘i-5840 

13-083 

1-529^* 

Oxide 

N„0 

44*02 

1*9777 

1-8747 

l'97l 

1*854 

22*008 

Oxygen . 

<>.' 

32'00 

1'4-290 

1*3546 

1 *4«J(1 

l-S-.M . 

1*1105 

?'00«0 

lS-901 

Ozone . . 

0., 

48*00 

2-144 

2-033* 

136 

2-012 

1 *666 

•1 *500 

23*85 

Pentane . 

G.H,,. 

7210 

3-220 

3-052 

3-206 

3-OM 

2*401 

2*253 

35*83 

Propane . 

C,H, 

44*07 

2-020 . 

1-915 

2*013 . 

1*807 

1*563 

1-414 

22-48 

Propylene. 

C,,H„ 

42*05 

1 

1-836 

1-931 

.It >9 

1*498 

1 *355 

21-65 

Sulphur 

SO,. 





e 




Dioxide . 

64*07 

2*9266 

2<,-7j2 

2-913 

2*739 

2*2638 

2 *04 SO 

;i2-565 

Air \ . . 



1 *2928 

l-aass.' 

( 

1-2899 

1;2177 

1^*0000 

_ 

0*8047 

U*385 


* • • « 

The absolute values of densiiics at'o" and 760 mm. (dry) are 

experimental values. TI;;! relative denJitfcs are jxprcssec), in terms of 
the respective standards'at o" and 760 mm.‘ Departures of the gases 
from the laws of Hoyle and Charles will necessitate the introduction 
of oorrections into the values of the njlative densities at other ^ 







RELATIVE DENSITY OF GASES 


139 


temperatures and pressures. Fcr the permanent ga.ses, the nccessarj* 
corrections arc small and for technical purposes negligible. The 
densities of the gases saturated with water vapour are given under a 
total pressure of 760 mm., i’(., partial pressure of gas + partial pressure 
of water vapour = 760 mm. ^ 

The specific gravity of a gaseous mixture^can be calculated from its 
percentage composition. The following will illustrate the method in 
the case of a sample of eon.1 gas ; — 





Sp. gr. 


ft 

Perccntnpc 
by Volume* 


relative to 

Air at o''C’/.‘ 

Product. 


I 

« 


and 760 mm. 


CO, 

. . 1.2 

X 

1-529 

bo 

C„H, 

• • ?4 ' 

X 

1.4V 

5,093 

0., 

• • • <!-,f 

X 

1.110 

0 , 3.33 

CO. 

fi.S 

• 

X* 

0.1/17 

.As 76 

Cll, 

. 32.9 

X 

0,554 

18.2 2 7 

11., 

■ ^y-2^ 

X 

o.o 5 (j 5 

3,419 

n; 

. ^ ( i .2- 

X 

o.yfi; 

5,995 


• v» * 

100.0 

• 



41,47s 

fic gr 

• • 

avity of tito cky gas 

itt 

0" and 760 mm. 

would therefore 


bgp'4is relative to air at the‘ianie bniiperature and pre.ssure. The 
usual««p[jroximate assumption is nmde in this calculation that the 
unsaturated hydrocarbows’ present in the gas are equivalent to an 
equal volume of propylene. The relative specific gravity of the dry 
or poist gas un(ler any other conditions of temperature and pressure 
can now be calculated in the usual manner. In the case of moist gas, 
the percentage saturation with moisture at the temperature in question 
must be known, and also the prgtssure of water vapour at this 
temperature.. This latter can be obtained from* a table of phy.sical 
cons|ant.Sj Jhe mass^of tjic«vap^\ir required to saturate a given volume 
of a neutral gas at a given tenq^raturc*, is calculated from'the vapour 
pressure by the formula— . • 


where /t^the v^ipour procure of the vapour in cms. of mercury at 
absolute temperature T° C. * • •• 

,f=th^weight of vapour,iij grams to s^i^rate a volume v c.c. of 
• the’neutral fjas. • \ 

?« = the molecular weight otthe vapour. 

^ = total prj^sure to which the^gas is subjected (in cms. of merciyy). 
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Determination of the Relative Densities of Gases by the 
Method of Effusion. 

In technological practice the relative densities of gases are almost 
invariably determined by methods dependent upon the law of diffusion 
of gases. I't follows as a Consequence of the kinetic theory of gases, and 
the fact has been established by numerous experiments, that the density 
of a gas is proportional to the square df the time of effusion of a constant 
volume through a small orifice. The theory assumes the flow of the gas 
through 'thd orifice tc^bc isothermal, and_that 
there is nb loss of energy due to friction. If, 
tj’crefore, f, juid 4 be th? respective times of 
effusion of t^qual' volumes of two gases of 
densities pj and p., respectively through a srnall 
orifice in a thhi plate, 

- V - 

“ . 

The theory of the* method, the necessary pre¬ 
cautions, etc.,' have been very thoroughly 
studied 'by Kdwarcfs.' ' 

The first apparatus employing this method 
was de.scnbed by llunsen,^ 'Schilling’s' ap¬ 
paratus” (Fig. 69} is a development of ifunsen’s 
apparatus, and has now completely displaced 
the latter. 

The apparatus consists of a large glass 
cylinder A about 40 cm. high, in, which a 
smaller cylinder B is suspended and kept in 
position at the top by the metal frame r, which 
rests with three arms on the rir.i of'the cylinder 
and also, carrfts the ';hcr.nometcr'!'. "B K'open 
at the bottom and-is fixed just free from the 
base of A, whetc ,it is again centred by a 
metal frame with .three arms. The tubes a 
and h fixed on the metal frames arc provided 
with stopcocks, and servf; for the admission 
and exjjulsion of the gas. A three-way stopcock can be turned so as , 
to,communicate either with h or c. The headpiece ^ is 'fitted with a 
small thin platinum disc placed,.horizontally with 'a fine opening in 
the middle, which is wi^uc by piercing the foil with a needle and then 

^ Technologic Paper No, 94 , Rureau of Standards, Washington, I9I7' 

2 Crasomftmchi hUthodet;, 1857 , pp. 121 - 127 . and 3 rd edition, 1877 ^ p. 184 . 

Handhuih fiir Gasheltuchtun^^ 
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removing all roughness from the orifice. To protect it from dust, etc.i 
a cap is screwed on the head c when the apparatus is not in use. 

For the determination, yie vessel A is filled with so much water that 
there is just sufficient room for the introduction of the cylinder B when 
filled with air and suspended therein. As soon as the water has come 
to rest, the time of effusion of the volume of air between the marks 
in and n is determined; these marks go right’round the cylinder; 
according to Pannertz, bands of'finc cord roundvthc marks permit of 
greater accuracy of observation. The stopcock on b is first turned so 
as tp commimfcate with^hc head ?; tiie level of the water in the lower 
part of the cylinder then begins tt) rise as it displaces the air, and the 
time is taken witli.a stop-watch as soon itfi the meniscus passes the 
mark m ; a similar reading in J:akcn when the meniscus of the water 
p^ses «, and the time for effusion of air is given by the difference. 
The residual air in the cylindcS" is then displaced by fhe gas.to be 
examined by connecting the stopcock a with the supply, and opening 
b\ She gas is allowed to pfps.^-through for about two minutes. The 
displacement of tlic air isVicoeleratcd by raising the cylinder almost 
completely out of the watc,r and lowering it again. The outlet of b is 
then closed, t^e cylinder aj;ain rais€d,in order to fill it completely with 
gas, the irtlet of a closed and the ^cylinder again placed in position. 
After the'watgr has com 5 to Tesf tho time of effusion of the gas is 
mcasWSS under exactly the same conllitions as with the air, so that the 
times of effusion of equIH volumes of gas and air, measured between 
in and «, are ^jeertained. The respective times for air and the gas 
bcMig A, and t,, and p, being the re.spective densities of air and gas- 
at the tqpiperature of the experiment, 


It musT te'notcd that, jn each case, the air and gas arc saturated 
with water wipour, ^nd 1:he respective ^Icnsitics p„ and py are conse¬ 
quently thc» densities of the tnoisl ,ii\r and gas. The density of air 
saturated with water v,a^3gur at any temf)craturc caji be calculated 
from the corresponding dcSisity of dry ah' at the sanTe temperature by 
the expressTon : ^ , 

• 

where and are the reipectivc densities of moispand dry air-at a 
pressure ef H mm., the barpiyetric* prcssuqp, and / is the saturation 
v^ipour pressure of \Vater .vapour in mm. at|T:hc temperature of the 
experiment; Values of Pda,Pmt, and p will be found in Kaye and Laby’s 
Tables of physical and Chemical Qonstants, qih cdn., pp. 27 and 42 respec¬ 
tively. The absolute density of the moist f^s can thus be ascertained. 
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In any actual experiment the respective times should be taken as 
the mean of the times determined by three experiments with the 
respective gases, and as the times enter ipto the expression for the 
ratio of the densities in the form of f, the times must be determined 
with an accuracy of i part in looo if an accuracy of i part in 500 is 
required in the result. This is in accordance with the above equation 
as it follows by differentiation, that:— 


and 


/'-/ . ^7 

r/(/),,) ‘ 2ill„ 

77 ~ 7 , ■ 


0 


With a lime of efllux of the order pi, t minute, a measurement of 
the time correct to o-i second will permit an accuracy of i part in 300 
to be obteined in the value of the specific 
gravity. This accuracy is not generally 
attained with any technical form of effusion 
apparatu.s for the determination of the 
specific gravity__ of gases. According to 
Edwi^rds (Joe. cit) an accuracy of 2 per 
cent. Js possible after standardisation of 
the. effusion oriuce, if various precautions 
are taken. Without such standai'diSation, 
with certain conditions of use, errors as 
large as 30 per cent, arc possible by the 
use of an effusion type of apparatus. 

A Specific Gravity Hell depending on 
the same principle as thpp above apparatus 
is mafle by Messrs Alex. Wright & Co., 
Wc.stminster (Fig. 70). T.he. bell is sus¬ 
pended from a balaqce beam iq a small 
Water taaik. The crown of the bell is 
drawn- out so, that a standpipe may be 
brought up abo/e^ die water level, although 
I'l'i- th* bell itself is submerged. Attached to 

the crown is a plate in itdiich a fthe effusion 
hole is (grilled, and' this is protected by a cap. Ext 5 nding from the 
beam is a pointer, ,and the time of effusion with any g*s is*ascertained 
' by noting the interval between passage of, the pointcriover two marks 
upon a vertical plate. With care ihc apparatus can be mad«> to yield 
values for the relative sp^ecific gravity of moist gaJes correct to 0-5 per 
cent. The apparatus is portable and readings can be quickly made. 

A form of Schilling’s apparatus is^ sometimes employe’d as a gas 
purity meter. The theory of the instrument is exactly the same as 
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that already explained, variatiofls^of the density of the ^as producing 
an alteration in the time of the efflux of the gas from the apparatus. 
In the case of an extremely light gas such as hydrogel^ the presence of 
a very small proportion of another gas can bf detected by this method. 
Other physical methods dependent upon the physical’ properties of 
hydrogen, such as its thermal conductivity,.are also available for this 
purpo.se. • 

The Lux Balance ^ fe sometimes used in . gas works practice, 
and it possesses the advantage that it indicates the specific gravity 
of the gas djrcctly. Its action depends on the simple principle of 
directly weighing equal toliimes of •.air and gas, the difierence in weight 
being shown as specific gravity' by the displacement of a pointer on a 
scale. A table supplied v\*itlf the apparatus gives the temperature and 
pressure corrections from o' to 30', and from 730 mm. to 790 mm. 
t!ic apparatus is not an ca.sy cue to work with, and cale is necessary 



if values of the density are to be obtained correct to the second place 
of decimals. ^ 

,A more accurate and convenient type of balance for the deter¬ 
mination 9f, the specific gravity of gases has bten described by the 
United ^ta^es Bureau of Stanijards, 1917." The balance is based on 
Archimcdes’*'principle, namely, tlvit \Mier. a body is weighed in a fluid, 
the apparent loss of weight, of the body (compared with its weight lu 
vacuo) is equal to the'vt^eight of the fluid displaced by tjie body. 
Furthermore, in the c.ase o'f a gas, the wgight of the gas displaced by a 
body of definite vofi.ime is,proportional tij the density of the gas, which 
is itself proportiSnal to the pressure of Vie gas. '‘file balance is shown 
in Fig. 71. .Thjn balance-base is ma<le gas-tight? J'he ^eam’consists 
o.*' a rod about !■ J mm. in diameter, to Jne end of whyih a light g+ass *' 
or metal globe is attached. Two tul»es pass .*nto the balance-c.ase ; the 
oije, fitted w<th a tw®-vvay,c 5 cl<, connects citSsr with a vacuum pump 
or the gas supply, the other to a mercury-filled U-gauge. A change 
of pressure df the air in the case, equivaleot to a fpw tenths of a mm 
‘ GaiheftUik., 1887, • ‘ Se^lso Gas /, 1917, ^37, 115. ^ 
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df mercury, should produce a measupble change in the point of equi¬ 
librium of the pointer. The equilibrium position is read on a small 
scale or by reference to the cross-wire of a reading telescope. With 
dry air in the case, the pressure is adjusted until the pointer attains the 
position of equilibrium. The case is then e'>chau,sted of air, and the gas, 
whose density is required, admitted in a dry state. The pressure of 
the gas is adjusted ‘.intil the pointer once more attains its position 
of equilibrium. If P is the atmospheric pressure (any variations of 
which during the determination are of course taken into account), 
the excess pressure in the case c'.'" air,/^ the excess pressure in the 
case of gas in question, then :— 

Density of the gas in question under pressure I’d/’j 

= Density of .air under pressure P +/„ 

“• - p-' where ■-density bf air under atmo.sph'eric [ircssuro P. 


- a, - -L 

I " L> 


t' h/., 


if Pj = density of the gas under pre.'Ssure P‘■(atihospheric pressure) 

Ih .. +A. 

i>. ' I’+A 

' .1' 

The method is accurate to about o-2 per cent., and the apparatus is 
light, portable, and durable. It has the added advantage, compared 
with some types of effusion apparatus, that the density of dry gases can 
be readily determined. 

ThrelfalD has described a method for the comparison of the specific 
gravities of two gases based on the measurement of the difference 
of pressure due to columns of equal lengths of the gases. .The 
difference 6f pressure is ascortahned by means of a delicate micro- 
manometer, and the attainable accuracy is about l part in> 5000 using 
columns of the gases, 20 metres long. The method can be made 
recording as suggested by Thrcifall. A similar method ha? been 
de\4ised by Krell “ and by the h qtl Research BoarJ." p 

A recording “ Gravitometer has bean designed by Messrs Alex. 
Wright JSc Co., Westrmnster.^ Ths instrumcint is basc^ upon the fact 
‘ that the pressure exerted upon "any surface exposed tq a column of gas 
is proportional to the denijity of the gas. The variation of th* pressure 
determines the positionrA'f a pointer whith can •be made to yield a 
permanent record on a chart driven by clockwork. 


■ /. Soc. C/um, /W., I9«7, 26, ssg.f p /. Cadiltuchl., 1899, 42, 212. 

3 T^hnical P^er No. 5, Fuel Refearch Board. , ^ Gasfy 1912, 958 ; thXy 1914, 126, 115. 
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Specific Gravity of Solids. 

The simplest direct method for the determination of the specific 
gravity of a solid heavier than water consist^ in weighing the body in 
air and then in water at a definite temperature. The suspending wire, 
if of platinum, should be treated as already explained (see p. 133). 
The apparent loss of weight, when weighed in water, is the weight of a 
volume of water equal fo t+ie volume of the body, 
if then :— 


W„ = WeiiJit of the bdUyJn air at /„ 
and W| - Weigfit of the body in water at temp. /, 


'v,,- 


t 


• • 

where D is the density of the watc«r at temperature r, and a- 'is the 
density of the air at f,,. In fhc case of a solid lighter than water, 
a sirnilar method^can be ^illicd, a sinker being attached to the body 
when weighed in water ana determinations being* made of:— 

T. Tl^ weiglif of the bijdy in air - W,,. 

, *2. The weight of^the bod^ and sinker in water -- W,. 

. 3. The weight of th(j sinker alone in water = \V„. 

• • • 

The Ct-r^gr, of the solid is:—, 


\V;:i) 


'V„ 


Wj-Wi + W, '■ \v„-\v, + \v 




white D and <t have the same significance as previously. Generally, 
the term involving <7 is small, and therefore neglected in these 
expressions. 

If thy densities of a large ntirabir of various^ubstanccs have to be 
determined, it Ts desirable [o have one or more sinkers whose weights 
in water at atiy definfte temperature^rc,known. The work can in this 
way be very,considerably txpedit’ed. 

In the case of soli^.», soluble in watel or whicli,are acted upon 
by water, another liquid »f known density, such as T5enzene,'^must be 
emplfiyed„jf this method is used. • • * 

The specific,gravity of a jolid in^ t<he form of ^ fine powder can be 
determined _ by means of*the specific* gravity bottle. The bottle is 
first weigheci emjity. The weight of water filling fhe bottle at sijme 
measured, temperature is thed ascertained, b'or this purpose the bottle 
is filled witjr water jvhilc imtrtersed in a bfhjt of water at a definite 
temperature, and then weighed. The bottld is then emptied, dried, 
about half filled with the powder in question, and the whole weighed. 
The weight ofrpowder is tljus astertained. * The bottle, still contaftiing 
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ttie powder, is now filled as regards the remaining space with water 
and again weighed. If then :— , 

W„ '= Weight of bottle. r 

W, = Weight «of bottle and water to m.ark. 

W, = Weight of bottle and powder. 

■ tVj == IVeight of bottle, powder, and water to mark. 

Sp. gr. of powder . , ’ 

= __ (W,,-W„)I)__ 

(w;-w„^-(w,-w,,)__^ 

where D is the density of the water. If water cannot, from the 
nature of the powder, bt employed, any suitable liquid of known 
density can; 'of course be u.sed, the cor- 
rospondiiifr value of D being employed in 
the above formula. Air bubbles must be 
removed fjora the powder when in the 
water or dthtr ]iquid, and this can gener¬ 
ally be achieved by placing the specific 
•gravity boftlc Mid its contents under the 
rcceii(Er of an air puifip. few strokes 
general^ sufliccj for the removal of any 
entrtyjped air. ' ' 

In the ca.se of solids which must not 
be wetted by liquids, or which are porous, 
the specific gravity is most generally as¬ 
certained by means of the volumenomcier. 
This apparatus has taken various forms, 
but all are based on tlm same principle.' 
Essentially the method consists in deter¬ 
mining the change in pressure aocompany- 
injg a known change in volunle when (i) 
the origfnal volume contains air only, and 
(2) when the o'^iginal volume is partly 
occupied by the body in question. Bremer’s 
volumenometer is shown in F^. 72. • The 
w 1 df-mouthed flask F ifnr^ersed in a water 
bath is connected by the three-way stop- 
cock U with the tubes ab arid cd containing 
mercury. On ab there are two m;yks or movable rin^s at p and q, and 
the volume v included ^e';ween these two marks is accurately known. 
The stopcock R being turned so as to connect both F and ab with 
the air, the tube cd is adjusted until the mercury meniscus is at p. 

^ Bremer, AVc. Irav. chim.^ 1898 , 17, 263 ; ^Zehndec., Ann. Physik^ Iy 03 , 10, 40 . 
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The stopcock R i? then turned So^as to leave F and ab .in connection* 
but shut off from the air. The tube i:d is then lowered until the 
top of the mercury meniscus in tib is at y and the difference of level 
h between the mercury in the two tubes determined, preferably with 
a cathetometer. A similar .operation is carried out when F contains 
a weighed quantity of the substance being,examined, the difference 
in level now being found to be Hk • 

An application of Royle’s Raw enables the volume of the body 
to be calculated from the observed differences of pressure*, the atmos¬ 
pheric pressurciand the known vol«mc of expansion. 

Thus let:— * 


P ■-= Ayiiosphcric prc.'jiSure. , 

V = The origiiTal yojiimc iiiuler pressure I’. 

V + ?j - The final volume under pressure P - h. 

.1* ! Volume of the Wody introduced. 

P - /d -.The final pressure after expansion in second case. 

A*pplyiug Boyle’s Law —. ' 

P\^ -= (P .? 5 (V*+fi) . • (i) 

P(V-.v)..y^-/i*)(V-.fK'). . (2) 

. • * * • 

ICxpansion of (i) :tnd (") gives aftijr :t little transformation 


The method is of very general application and gives results easily 
correct to i per a;nt. 

An apparatus resembling the Mohr-Westplial balance has been 
a|)i>licd *0 the determination of the specific griivity of solids.- The 
displacement of fne borly along the extended lx;am of a balance, 
so that tlje body when weighed in wfater or othe^ suitable litiuid may 
counterpoi.sb *tlif; same tare ^as when weighed in air in the ordinary 
positfon, (!na^les the*spc 5 ific gfavit)r of, the body to be tutcertained, 
and furthenryDre the beam ean be clivjdcd so as to indicate the .specific 
gravity of the body directly J'ith an accuracy* of about l,per cent. 


THh: MEASUREMKNT OF *rEMPKRATURE 

* * • • ^ 

In chemical ^technology', the mejisuremcnt cJf temperature is an 

oocration of parj^mount importance. ‘Various mcari,s arc'to hpjtd 
for the determination of tcmpcratur« in any. given case, such means 
including, among mamy othftr^, the ordinary, •“raercury-in-glass ther¬ 
mometer, the platinum resistance thermometer, the thermo-electric 
pyrometer, and the optical pyrometer. , 

^ Gasniult, J. 1916 , {, 291 . 
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‘ Considering the numerous physical properties which may be, and 
are made the basis of rational scales of temperature, there is no a priori 
reason existing why temperatures indicated by the same number of 
degrees on the various, scales should represent one and the same 
temperature.' Lord Kelvin has shown tlvit it is possible to construct 
an absolute thermodynamic scale of temperature—absolute in the 
sense that its indications arc the same whatever the substance which 
may be chosen as the thcrmomctric body. This absolute scale of 
temperature is most closely realised in practice by the gas thermo¬ 
meter—preferably containing hydrogen. The departure of the constant- 
pressure hydrogen gas thermometer from Lie thermodynamic scale 
is -p 0-26“ at — 200° and o oi° at iooo°. The departure is still less 
in the case of the constant-volume hydrogen thermometer. The gas 
thermometer allows, therefore, of the realisation in practical form of 
an absolute scale of temperature, and wherever possible the readings 
of temperature in technological' practice should be referred to this 
gas scale. The National Physical Laberatory undertakes the calibration 
of all types of thermometers and py'ropicters of sufficiently good 
construction, and the determination of the correction necessary to 
convert their readings to the gar scale. 'It is desirable that every 
technological laboratory should'^ po.ssegs at least one thermometer 
(or pyrometer as the case may be) which has been so standardised, 
and the various thermometers, employed may then be themselves 
compared with such standard, the standard itself being sent for re¬ 
standardisation at intervals, This method is much to be preferred to 
the practice of correcting the readings o'" thermometef's and pyrometers 
by the determination of certain prescribed fixed points such as'the 
melting-point of sulphur under standard conditions. Occasion may, 
however, arise when the latter course has to be followed, and the 
following table contains a list of substances suitable for this purpose. 
All boiling-points as given are determined ’indcr a stanefard atmospheric 
pressure of 760 mm. of mercury. 


' Realisation of a Standard Ther.tnodynamic Scale 



of 1 em,peratures. 


yulstarice. 

TraosformaiioD. 

Tempnraturo f°C.) 

Hydrogon 

. . Boiling . . ^ . 

. -2527 ±-2 

Oxygen , . 

. . Boiling .... 

,0 - 182-9 ± -I 

Gi.bon dioxide 

. vSiitlimalion of solid CU-yin 

pclrol . - 78.5 +-I 

Mercury . 

. Solidif cation . 

. -;, 38-88 ±-i 

Ice .... 

Melting . ^ a 

0-0 

Phenol 

. ' . Melting . . . 

42-7 

Water 

. . Boiling . / . 

. .* lOO-O 

Naphthalene . 

Boiling .... 

2 i8-0 

Tin, . . , . 

. , Freezing . . < . 

. ^ . 231-8 
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Bubstanoe. 

• Tranaformatioo. 

Temperatare (* 0 .) 

Glycerol . 

Boiling • . 

. * 290*0 

Benzophenone .... 

Boiling . * . 

305-9 

Cadmium. 

^Freezing .... 

. . . 320’9 

Lead. 

Freezing .... 

327-0 

Mercury. 

Ijoiling .... 

• 35^7 

Zinc. 

Freezing .... 

419-4 

Sulphur. 

Boiling . . . 

• ' 444-5 

Antimony. . . . • 

Freezing . . . * 

. . 630*0 

Aluminium . . . . 

'Frec/iitg .... 

657-0 

Sodium chloride 

Melting .... 

. * 801*0 

Silver . • . • 

Freozinjj .... 

961*0 

Gold*. .... •%. 

Freezing . * . 

. . 10630 

Copper . 

Freezing .... 

1083*0 

Lithium mctasilicalc •. 

Freezing . . * . 

1201*0 

Eutectic of nickel anc^graphitc 

•Freezing .... 

■ 1330’0 

Diopside. 

Melting .... 

. . 1390-0 

Lead. . . # . 

Boiling . * . 

. 1525*0 

Palladium. . . 

Freezing . • . 

. I 549 - 0 ’ 

Platinum. 

Melting .... 

- I 755-0 

Silvct**. 

Bcwling .... 

. 1955*0 

• 

•• • • 

.Tni^JlMOMFTERS 



For piupclkes of convenie^ice, it fe customary to restrict the term 
“ thermometry ” to the msasurcjn^nl of temperatures wliich may be 
measut-erl by means of a mercury thermometer, the term “ pyrometry ” 
being reserved for the njuasurement of higher temperatures. With 
ordinary mercur^-ir.-glass thermometers the limit of temperature that 
can be measured is 300°. With a mercury-in-glass thermometer, the 
' upper space of which is filled with nitrogen or carbon dioxide under 
20 'atmospheres pressure, and the glass of which is suitably selected, 
measurements tyi to 50x1° are po.ssible. Borosilicate glass 59"' is 
generally.employcd in the construction of such higbrange thermometers. 
There is usually an auxiHas,y bulb at the top, the volume of the bulb 
being about twenty fimes that of tlic irrtcrnal volume rectoned from 
0°. If the tfccrmometcr is’sealed with the enclosed gas at a pressure 
of 60 atmospheres, a maedmum temperature of 750° mdy be measured 
by means of the mercury thermometer. ^ 

It is nwt*intended to discuss thc’ydritjus errors to which a mercyry 
thermometer is •subject. Foii these.^ reference ifiu^t be made to the 
works enunjera^ed in the* bibliography (p. 227)? Many of fhe cor¬ 
rections and errorj are eliminated by having the thermogieter calibrated 
under th« conditions of use— i.e., *vith same stem immersion and 
s^me inclination of the theftnbmeter to the'.vertical. Errors due to 
the secular .variation of the zero are not elifninated in this manner, 
but are minimised by calibrafion repeated^ at frequent intervals. In 
, technical practice, there is. genetally no necessity for the application 
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of the various corrections in question. The correction for stem 
exposure is one, however, that, should in general be applied. The 
magnitude of this correction is generally calculated by the formula ;— 

Correction = « x 0.00016 (T ~ 

where n - Number of degrees in emergent column. 

T Temperature of Iwlh. 
t ~ Temperature of air. 

Taking the , case of an emergent column of 200", the bath tempera¬ 
ture being 300' and the air temperature 75°, the emergent column 
correction is :— ' , 

200 X .00016 X 285" -- 9.12 '. 

Under such conditions, therefore, the coyrettion for stem exposure is 
seen to be a large one, and it is well in technical practice to detcrmjne 
the magnitude of the correction in any given case. 

In technological work, mercurial thermometers of a robust type 
are often called for. Thermometer.^' \vith bulb and stem inclined 
to one another at various angles arc oftch required, and frequently 
readings of temperature have to be fOiadc under conditions which 
necessitate the scale being placed ut some 'very considerable distance 
from the bulb. The bulb and tube are> often protected by a .sheath. 
Such sheaths enclosing the bulb should be of as light cqnstrtiction qs, is 
compatible with considerations of strength. If a perforated metal tube 
or other similar arrangement is used for this-purpose, the thermometer 
will indicate" the temperature fairly accurately. If r.n unperforated 
sheath has to be used, the readings arc always too low, even if. the 
sheath is filled up with mercury, copper dust, etc., as should always be 
done. A wooden handle may be fitted to the thermometer "for con¬ 
venience of handling. Some mechanical protection' is afforded by 
wrapping asbestos found the exjioscd portions of the .thcimometcr, 
but the .sensitiveness is thereby dimipi.shed, ^ , 

In order to ascertain tl/at the, temperature to be' measured is 
not too high for the use of a mercury thermometer, a Very practical 
suggestion duc'^o VVeinhold' is to place a piece of lead at the spot 
where the temperature measure is to be made; the melting-point 
of 'lead is 327°, and if the test piece does not ,«how any softening 
at the .edges, cve.i after som'e, time, a mercury tliermomctcr can 
be safely usr.d. , ' , 

"■'Hohmann ?nd Maurer have introduced a robust type of mer¬ 
curial thermometer^ possessing the advantages that the .'indicating 
instrument can, if necessary, be set up ,at a considerable dLstance 
from the point at which the temperature is being determined, and 
, ■ ZtU., 1903,'27, 54. 

, Supplied by the 1,'iinibridge :md I'liul Sfitutific Instrumeiif Co. 
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that furthermore the instrurr»ent can be made recording. The 
principle of this instrument is illustrated in Fig. 73. A is a steel 
bulb connected by means of a steel capillary B to a special form 
of steel Bourdon .spiral C. * The whole system is filled with mercury, 
and changes of temperature of the bulb g'vc rise to'corresponding 
rises of pressure in the system, which changes of pressure are 
magnified and may be either indicated by a. pointer or recorded 
by a simple pen medianism. . The record of temperature can be 
obtained on a chart rotating about its centre at any sjiecified rate. 
The thermometer being practically wholly metallic, there is considerable 



stem exposure. The t^rmometer should be calibaated under con¬ 
ditions reproducing as noarly as possible the conditions of use. The 
instrumerrfS are capable of recordirlg temperatures up to 540° ^ith 
an accuracy ot aTiout l pgr cent. . Two independent records of 
temperature can be obtained on jjie same chart, such temperatures 
approaching to within 5° of each other, but not overlapping. f^ch« 
an arrangement is particularTy appligable to fases such as the recording 
of temperatures of jnlet and'outlet-feed uVgti^r, etc. The indicating 
and recording instrumenft can be enclosed,* and may be fitted with 
an alarm arrangement indiAting the attainment of maximum or 
minimum temperatures, , 
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Pyrometers 


I.'Platinum Resistance Thermometers. 

For temperatures abrfve those for which the merciiry-in-glass 
thermometer may be employed, recourse may be had to thermometric 
devices of very varying "types. Some of those are also capable of 
use within the range of the mercurial thermometer, but find their 
most general application at the higher ranges of temperature. The 
most accurate form ol pyrometer is urjdoubtcdly the platinum resistance 
thermometer. The method of determining temjciraturc by a.scertaining 
the resistance of a platinum wire wound on a pipe-clay cylinder 
and enclosed in a tube of wrought iion.was introduced by Siemens 
in 1871. The device was found unsatirfactory by a Committee of the 
British Association, and the source of trouble was traced to con.- 
binatio'ii between the platinum and silicon produced by reduction 
of the material of the pipe-clay in the reducing atmo?sphcrc produced 
by the highly-licatcd casing. H. L. Callcpdar' devised a forili of 
platinum resistance tlfermomcter from whicTfi all the 'inconsistencies of 
the Siemens instrument were absent; ind by his work and his joint 
work with E. II. Griffiths® has 1 established a system, of practical 
pyrometry of extreme precision. Tcmpcralui;c indicated by a platinum 
thermometer is generally represented by “//” and is defined by lire 
relation :— ' , 

// = X 100 • ■ ■, • (i.) 

^100 ■“'•D 

where R,,,,, is the resistance of the platinum wire at lOo , 

R,i is the resistance of the platinum wiie at 0 j , 

and R is the resistance of the platinum wire at the temperature // on 
the scale of the pla.‘.inum thermometer, Oi* /“. 

The relation (i.) above defines the scale,of the platiiium’resistance 
thermometer. As already painted out, there i 4 no a piori reason 
why the platinum scale of temper,ature so defined should^, agree with 
the scale definetl by the ga.s thermometer.' ,Callcndar showed that 
the relation betw'ecn and the temperatitre measured by the gas 
thermometer can be represented by a parabolic formula of Rte type;— 
R, = !!,,■■( (-(- a/ -t jit-) . . •> . (ii.) 

From (ii.), if folhuvs at once that the relation betv cen t and pt 
is 5 f the form, * 

A) • • ■ '(hi.) 

’ ■* l\lOO/ Kjoj 

1 Phil Trans., A., 1887 , 178 , 160 ; Phil. 4 /,^^.,'1891 [v.], 32 , 104 ; P(ul Mag., 1899 
[v.], 4 ^ 19!) 519. . 

3 P^il. Trans.,. A., 1892 , 182 , 43 „II 9 . , « 
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S is termed the difference* co-efficient of the saQiple of wire* 
employed, and its numerical value {or pure platinum is 1-5. Its 
value in any given case is obtained by ascertaining tlje boiling-point 
of sulphur by means of the thermometer in question. It is obvious 
from this relation that, in general, the value attributed to a given 
temperature on the platinum scale is not Jdentical with the value 
attributed to it on the gas scale, which is to be regarded as the 
standard scale of temperature. . As is shown by (iii.), and indeed 
as must necessarily be the case by definition, the scales agree at 
0° and 100°, bj.it at all other tenjperatures differences exist in the 
values attributed to o**e and the. s'ame temperature measured on 
the two scales. Thus at rooo° for a platinum thermometer having 



The possible differences between the two scales arc therefore seen 
to bcjpy no means inconsidefable. In technological practice, however, 
the necessity for the correfttioe of the platinum ^calc to the scale of 
the gas thermometer seldom,if ever arises, as the indicating or 
recording instrument u.sed**with tin* jilatinum thermometer is almost 
invariably graSuated in terms, of thejlatter scale. 

^Essentially,^the platinsm resistance thermo¬ 
meter '--insists of a coil of.fine platinum wire 
wound on a mica frame aud attached to terminals 
so that the resijtancc of the coil can be ascer¬ 
tained when the* coil is exposed to any given 
'temperature, and the measure of such resistance 
serves as an indication of the temperature to which 
tlie coil of wire is exposed. The resistance coil 
is inserted in one arm of a Wheatstone bridge,* 
the rjtio arqjs of which nre*adjysted to equality, 
and the va!ue*of the resistance in t^c appdsite arm 
of the bridgc*rcquircd to pijiduce balance of the 
bridge, as indicated by a gftTvanometer, determined. 

The error due to stem expo*sure, which is,inherent 
in practicalhy all othgr fornT,s of pyromete*, can be 
entirely and accufately eliminaited byjh^ use of a* 
pair of" compensating leads*’ insertedin the arm of* 
the bridge opposite to the arm in which fhe coil of 
platinum \^irc is inserted, these leads iying every- 
wh,ere alongside the leads frjih {he platinum cViih 

A form of platinum thermometer suitable for industrial use is 
illustrated in* Fig. 74. The platinum coil,is shown protected by a 
removable steel sheath and surroynded by fi robust porcelain tube. 
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Alternatively, the coil may be enclosed in a porcelain or silica sheath 
and the whole surrounded by a steel or fire-clay sheath. The terminals 
are enclosed in a porcelain or aluminium head. The thermometer can 
also be provided with a suspension devic6 attached to the head, the 
device being -useful for iifscrtion of the pyrometer in salt-bath furnaces, 
etc. By means of leads, the pyrometer is connected with the indicating 
or recording instrum?nt. Four-way copper leads are generally employed. 
These arc inserted in opposite arms of the bridge ns already described, 
and variations in their resistances due to changes of temperature are 
therefore automatically eliminated. In some cases it is convenient 
to run a few feet of armoured leads from tl'ie pyrometer head “to a 



Fia. 7S. 


junction box and then to continue therefrom to the’ indicator or 
recorder by means of flexible, braided or head-covered cables, ' 

Many adaptations of the Wheatstone, bridge have been made 
for purposes of determin-ing and indicaligg temperature by means 
of a platinum i;-esistance thermometer. Ijjor scientific investigations 
of extreme accuracy, the methods devised by Callendar and Griffiths, 
Leeds and Northrup, may'be mentioned'. For■ industrial purposes 
the following methods amongs,. others are available. 

The Whipple'Indicator ' (Fig,' 75) is a form of WheaLStone bridge 
in*which a baldnce of the bridge is obtained by turning the handle, H; 
the instrument is calibrated to give direct readings of temperature. 
The galvanometer and' the coils constituting the arms of the bridge 
are contained inside the case, and the necessary current is supplied 

' Stipiiliccl by ihe Cambridge and Paul Scientific Instrumcni Co. 
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by two small dry cells, E, these <;ells only requiring renewal after long 
intervals. The indicator is connccterj to the resistance thermometer 
by 4-way leads which may be of any desired length, thq stem exposure 
correction being automatically eliminated as already explained. 
When taking a reading, th^ key, F, is pressed, and the'movement of 
the pointer beneath the window. A, observe^:!. By turning IT in the 
appropriate direction, the balance of the bridge is restored, the 
resistances included in'tww arm.s of the bridge being varied by the 
turning of IT. When balance 
of the bridge is obtained, as 
evidenced by the pointer re¬ 
gaining its zero position, the 
temperature is rcad'nff diitcMy 
from the scale in the window^ 

T'fic scale of tjic indicator is aii, 
extremely open .one, the total 
Icng^i being about 18 ft. witU 
a range from — lo^ to I20C^ tl'y: 
average length of i" being a fiftjj 
of an inch. The instrumeflt can 
be* used ;i,s fi standard . pyjo- 
meter fos the calibratittn of, 
works instruments. 

The Callendar Recorder.y^ig. 

76) utilises thejirinciplc of the 
Wheatstone bridge, the bal¬ 
ancing being achieved automati¬ 
cally The pen arm is attached 
to the contact jvhich slides to 
and fro. on the bridge wire. 

The movemeA of the peii is 
eontrollcJ b^ a clocff, wnich is ^ 
itself controlled by two elEctro- 
magnets. Two insulat«(t wires 
are attached to the galvanometer pointer, and the wiles make*contact 
on one side or the other of a* iTlatinum-rimmed contact wheel. 
When correct registration is,indicated^ these wires are out of contact 
with the wheel. When»the bridge is upset tby an alteriTtion in 
temperature of the jTatinum resistanca coil, contact is made between . 
the wheel and one or other*of thc^ wires, one of the electromagnets 
is^ energise^ and thq clock released. The Vfl^nccd condition of the 
bridge is restored by movefhent of the pen arins along the bridge wire, 

and the two»wires arc once m*ore out of contact with the wheel. The 

• 

* Supplied by tlie C#,mbndg€ and P.iul Scientific Instrument Co. 
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fiecessary current for operation of th^ bridge is provided by a 4-volt 
accumulator. Continuous record,s over various periods of hours or days 
are po.ssible with the recorder, and various ranges of temperature 
between o" and 1000° can be very accurately recorded. 

The Leeds' and Northrop Indicators, of various types, utilise either 
the differential galvanometer or the Kelvin double bridge. In a type 
of instrument with adjustable scale, the instrument may be set to any 
desired temperature„ and the variation of temperature from such 
desired temperature is indicated by the motion of a pointer to left or 
right of zero, the amount of departure from the desirc/l temperature 
being directly indicated. The instrument 'Can, if desired, be ‘run 
from an ordinary lighting circuit, and a departure of 2° from the set 
temperature is quickly reaSablc by the wtirkman. 

Other instruments indicating temperature and employing platinum 
resistance thermometers have been introduced by R. \V. Paul, employing 
the principle of the two-coil ohm'meter, and by Mes.srs Carpentier and 
Joly. Details of these instruments will be found in Mrnsiirfniejil of 
High Tetnperaluyes by Burgess and L(^ Chatelier. ,Thc mounting of 
resistance thermometers will be rcfcrrcc^,to later. 

% • , 

• I 

2. Thermo-El«tric Pyrometers. 

The thermo-electric pyrometpr had its origin in the discqyery 'of 
Seebcck in 1830, that the junction of*two metals heated to any 
temperature is the scat of an electromotive force. The magnitude of 
the electromotive force depends upon the nature of thij metals forming 
the junction, and is a function of the difference of temperature between 
the hot junction and other junctions in the circuit. The clcctlom'otive 
force is furthermore largely dependent upon the state of purity of the 
respective metals constituting the junction. In general, if a circuit be 
made of two metals A and B, the metal A being empj'oyed for com¬ 
pleting the circuit in which it iiicluded a galvanometer ps indicating 
instrument, then if one junction of A and B is maiiYained at a 
temperature/, while the re'maining junction 'bf A and B is maintained 
at a different temperature, the galvanomc-er will indicate that an 
E.M.P'. is developed in the <;ircuit, and that the magnitude of such 
E.M.F. depends upon'the difference of jemperature between the hot 
and cold junction,s. It is found that a suitable form of relation between 
the E.M.E. and the temperature difference is furnished by the 
expression:— 

E, = a Jr'cfl 

- <\ 

where a, b, and c are con.stants, and E, represents the value of the 
E.M.F. developed in the circuit when a difference of temperature equal 
to / ,is established between the hot and cold junctions. The magnitude 
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of the E.M.F. developed in the circuit is in any case small, and remark-1 
able variations are shown in the fna^nitude of the E.M.F. generated 
by couples composed of different pairs of metal when subjected to the 
same, temperature difference between the hot and cold junctions. 
Thus' a copper-constantan^ couple gives a*n E.M.F. of the order 
of 50 microvolts per degree up to 300°, whereas for a platinum, 
platinum—10 per cent, rhodium couple the E.M-F. developed is of 
the order of 0’6 microtolt per degree over the same range. With 
a couple composed of copper and iron, the E.lA.F. developed for a 
similar differei^cc of temperature v*3uld be of the order o-oi volt. 

The most accurate Acthod by r^liich the magnitude of the E.M.F. 
generated in any case can be determined is undoubtedly by means 
,* of the potentiomete*. In technical work, hinvever, the usual practice 
is to form a closecf circuit of tfie^thcrmocouple, a galvanometer and the 
leads joining tjie couple to the,galvahomcter. The E.M.F. generated 
in the circuit wh^ a difference of temperature is established between 
the hvo junctions generates-a turrent in the circuit, and this current 
produces a deflectjon of tl^ galvanometer, the pointer moving over a 
scale which has been empirical^ graduated to denote the temperature 
to which the hot junction hcatcd,the cold junction being maintained 
throiighoukarthe temperaturi^for whith the galvanometer was calibrated. 

With regard to the m»terial,cqfistituting the thermocouple, a wide 
choice is available. Undoubtedly thg most reliable couples are those 
formed of the noble metal*, platinum, iridium, and rhodium, and alloys 
of the same. Contrasted with thermocouples composed, of the base 
metals such as ifickel, copper, iron, the couples composed of the metals 
of tile platinum group possess the advantage of far greater reliability 
and ^n ‘extended range of temperature over which they may be 
employed. The,'*basc-mctal couples, however, are not without com¬ 
pensating advantages, such as cheapness, so tkat couples of thick 
wires and c^n.*cquent low jesistance can be employed, robustnc.ss in 
use, and th^greater*magnitude of the‘E.M.F. developed for a given 
difference ofc temperature hompared.with the corresponding E.M.F. in 
the case of the noble groufjs of metals and alloys. , 

The following is the‘scheme recommended by'* E. Grithths,' as 
iiidicating.Suitablc materials for coifpfcs^to be employed up to various 
maximum temperatures :— , ^ * 

Maximum • 

Teuiporaturo. * • Thermocouple. 

300° . .• Iron-const^nlan. 

^>00“ • . . Iron-nickel. • 

^ 1200” ^ . 41^07 of c#i)l^^;r-nickcl and all^ (if chromium-nickel. 

>600° . , Platinuil! and alloy of platinunf with 10 per cent, rhodium. 

The maxiinfim temperature, 1^00“ indicate^ above, js probably outside 

« 9 

^ Methods of Measuring Ttmperaiure^\.(^\%^ p. 59. ^ ., 
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ithe limit of use in an industrial installation, and it is recommended 
that the platinum—platinum-rhodiuhi couple be not used above 1400°, 
care being taken that the couple when employed at temperatures 
above 1000° is shielded from metallic vapours, reducing gases, and 
carbonaceous' matter. 

The couple should be protected by either quartz or porcelain, 
and for permanent, installations the pyrometer should be further 
protected by insertion in a sheath of steel dr fire-clay, Base-metal 
couples are. sometimes exposed without protection, under various 
conditions, to high temperatures. They should then rpccivc frequent 
calibration. Instead of such a protecting sheath of steel or fire-clay, 
which is suitable for large furnaces, other protecting devices can be 
readily made, adapted for tise with criicible.s^ tubes,'and other laboratory 
forms of apparatu.s. One of the great advantages of the instrument 
is that it can bo used equally well tor thc.mcasurcincnt of the temperature 
of either large or small masses of material, as the junction of the con¬ 
stituent metals or alloys alone requires to be exposed to the temperature 
to be measured. / ,.> 

The “ cold ” junction should, wherever possible, be maintained at 
the temperature for which the indicator Was calibrated. This may 
be achieved by immersing the junction iy ice, or having h water-cooled 
junction. Where this is iinpossible it may be desirable tc' bury the 
cold junction in the earth under the roof of a building and as near 
the centre of the door as possible, as recommended by Whipple,' 
The junction is immersed to a depth of 10 ft. or more if possible. 
Under such condition.s, in an industrial installation, the variation 
of the temperature of the cold junction has been found to be no 
more than l'5'’ for a period of six month.s. In the case of an installation 
where such a procedure is impossible, compensating leads,- of copper 
or cupro-nickel respectively, may‘be employed in the case of couples 
composed of metals or alloys of the phtinum group, w'ncreby the 
cold junction is transferred to a.position of knoSvn temperature such 
as the indicator or recorder. Failing any of the.se device*, the adjust¬ 
ment of the zero iT the" indicator is marMi to the temperature of 
the coIcI junctibh as indicated by a theitnometcr, prior to taking 
a reading. For this purpose the'couple is di.sconnected, the'adjustment 
made, then the circitit completed once more and the temperature 
observed. Attempts' have been jnade to oiiminatc automatically the 
, cqjfl junction cqrrcction. Thus, in Bristol’s compensator, a small bulb 
containing mercury, and with a narrow neck, is in.sertcd in the thermo¬ 
electric circuit close tv, .the cold junction, A sljort loop of platinum 
wire forming part of the circuit dips iii the mercury.. A rise of 

L 

^ Pyrometers and Pyroihetry^ F.iriidjy Soc. Publication, 1917, p. 51. 

B^P., 1909, No. 370,5 Proc. Inst, \l'eclu 1913, p. 739. 
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temperature of the bulb is accompanied by an expansion of the* 
mercury in the bulb, thus cutting oul: a little of the platinum wire from 
the circuit, an effect which can be made to counterbalance the effect 
of the diminished E.M.F. due to increase of temperature of the “cold” 
junction. Multiple scale instruments provided with various scales to be 
employed for different cold junction temperatures, all being engraved 
on one card, arc also available. , 

Care should be taKcm in cgnnecting the thermocouple to the 
indicating or recording instrument. In addition to the Seebeck effect 
responsible for Jhe E.M.F. when oni» junction is at a higher temperature 
than ‘another in the circtfit, another, fhcrmo-clectric effect may enter 
into consideration unless care is exerci.scd. A Iwiiiogciicous wire heated 
in different jjarts to differtnt-temperatures* may itself be the scat 
of E.M.F'. The existence of flift phenomenon necessitates the leads 
bciilg set up in pairs lying cgntigubu.sly to one another, so that 
any possible effect nature in One lead is counterbalanced by 

a siimlar E.M.F. in the opix).site direction in the other lead. 
The leads should Joe protc^teb by metal sheathmg, or, if necessary, 
water jacketed. When cxpose(j to high temperature, the wire from 
the liot junction should b^* protcctf^l by means of asbestos or pipe 
steins. Witji asbestos a temgerature* up to 1300' can be measured; 
above this temperature, asbestos unfits. Hard porcelain can be em¬ 
ployed up to 1500", and so-called “Marfluardt mixture" up to 1600°. 

With regard to indicatijig or recording instruments, it has already 
been pointed ouj that the FTM.F’., even in the case of a base-metal 
couple, is very smWl. The potentiometer is practically never employed 
•in technical practice for .several reasons, the chief being that the method 
is a •iTOll fcne, and hence does not permit of temperatures being read 
at sight; "Dcflcjlion” potentiometers .are, however, available. In 
customary, technological practice, a “galvanomete#, generally of the 
moving coil ^pb, is invariably used. The resistance of the galvano¬ 
meter should ,be high'compared* witU that of the couple with which 
it is cmployetl. It is possfble to use thick wires of base metals of 
consequently low resisfaniie* so that a galvano'meter of lewer resistance 
than with couples of the noWc metals may^be employed? The galvano- 
meter base .'.Tietal may be of a mor(?^rt)bgst kind, consequent on the 
increased E.M.F'. generated ‘witli the coufjles. The'zc/o of the indicator 
“should be adjustable by means of a sefew or other device. The tasing 
should render th*e^ indications of the instrument unaffected'by anjj„ 
external nwgnetic field, and Should Jje dust-proof The coil of the 
galvanometer should preferably Be wound with'^^'ge of low temperature 
co-efficient, such as manganiiT. • 

Recordingdnstruments for u/c w'ith thermocouples must of necessity 
be of delicate construction. .The magnitude of the E.M.F. being snfhll. 
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t friction of the parts of the recording device may interfere very 
considerably with the record. R)r this reason, in most recording 
devices for use with thermocouples, the record is of an intermittent 
character. The recording pen is in general raised out of contact with 
the paper for the greater part of the time during which a record 
is required, and only makes contact for a short space of time when 
depressed by suitable mechanism, being free in the meantime to 
take up a new position determined by.th'e temperature to which 
the hot junction of the thermocouple is exposed. The record is 
then obtained in the form of a scries of dots which arc so near together 
as to form practically a continuous line. 

The Thread Recorder mentioned on page 133, and supplied by the 
Cambridge and Paul Scientific Instrument Co.,^ is employed in this 
manner, the pointer of a moving coil ^afvanometer depressing an inked 
thread upon a moving chart at intervals determined by clockwork. An 
indicating or recording device may, by the use of a suitable switch, 
be employed with any number of thcrmocouplc.s. Such switches 
roust be free from bad contacts. With base-metal couples, a low 
resistance indicator being generally employed, errors due to such 
contacts may be extremely large. 

The thermocouple, suitably Ciioscn and mstallcd, rn;Py be employed^ 
over the range from 300° to i’6rio° with an accuracy of about 5° 
throughout the range. The following table intiicates instruments 
which should be used over the ranges bf temperature specified, and 
the accuracy attainable with an industrial installation :— 

Hiiigo. Uulrumeiit. AlSS. 

o to 900" . . Platinum resistance thermometer . i r'v 

0 „ 600' . . Iron-constantan or coppcr-constaiuan couple . 5". 

o „ i6oo" . . Platinum—platinum-rhodium couple . . • S”- 

The indications of thermo-electric and ,othcr typos of uyrometers 
should bb verified from timfc to time by submission tc the National 
Physical Laboratory, or by comparison vyith an instruiEcnt of similar 
typCi^jyhose calibration has recently been carried out at that 
laboratory. 

. With regard to the installation of pyrometric appliances;-care should 
be taken that, wherever pos.sjble, the pyrometer of whatever kind, is 
inserted sq as tp lie along an i.‘:othermal,'V.^., so that nq difference of ' 
•.temperature exists between different parts of the pyrometer. Where 
this is not possible—and it mi st be recognised that in nnost cases 
it is not possible—the pyrometer should'be installed with the minimum 
departure from the requirement. Variations of temperature along the 
pyrometer are accompanied by conduction of heat along ihe pyrometer 
substance, ,and on this, account the indication of the instrument; 
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employed will not be that corresponding to the temperature at the 
place where the thermo-junction or other device is situate, but will 
be conditioned partly by such heat conduction. The error from this 
cause may in certain circumstances be of large amount. 


3. Radiation Pyrometers. 

For practical purposes, throe methods of appKcation of the laws 
of radiation are available* for the purpose of determining tem¬ 
peratures :— 

1. By meaSuremen>*of the to^al* inten.sity of the radiation, and 

the application of the Stefan-Boltzmann law, connecting 
the radiatio*! from^ a Jrlack body vwth its temperature and 
that of it.<i surroundii^ii, in the form S=cr ( 9 ‘ — 0 %) where 9 
is the temperature of the bodjs 65 that of the surroundings. 

2. By measurement of the iTitensjty of the radiation of a definite 

wave length and the application of Wien’s law, connecting 
• relations between ^thc ’spectrum constituents of radiation 
with the tifmperatuft oT the radiating body. 

3. By measurement ot thi? relative intensity of the radiation 

• of dcfi^iite \ftive lengths and*tj;ie application of Wien’s law. 

The following are some* applifatjons of the.se methods which arc 
avatl&ble for tccTinological purposes :— , 

^ • 

^(1) Totai Radiation Pyrometers. 

Fery’s pyrome'ter, supplied by the Cambridge and Paul Scientific 
'Instrument Co., is ^hown diagrammatically in Fig. 77. Essentially, 
»this consists of a ^clicate thermocouple, S, upon which the radiation is 



focussed by means of fhe mirror, M. The tongue, T, shields the cold 
junction of the couple, which is turther protected by a box surrounding 
the couple and the inclined mirrors, X. The* observer’s eye is plaoed 

• L • 
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• at E, and the wide end of the instriuncnt directed towards the source 
of radiation, such as the interior of a retort setting. The instrument 
is first focus.sed so that the radiation falls accurately on the hot junction. 
This is achieved by racking the mirroh M backwards or forwards 
until the image of a straight line seen through E is exactly in the 
plane of the inclined mirrors previously mentioned. When this is 
the case, there is no relative displacement of the two images of the 
line as seen in the_ two halves of the eye-piece. This adjustment is 
one that c^n be readily achieved. I'he couple is connected with a 
galvanometer, and the readings, of this instrument indicate the 
temperature of the radiation to_ which the' instrument is directed. 
The instrument can also be connected with a recording device. In 
order to reduce absorption of heat by.thcj material of the mirror, this 
is frequently made of glass, coated on its front surface with gold or 
nickel. 

A modified form of this instrument, also supplied by the Cambridge 
and Paul Scientific Instrument Co., employs a spiral spring in place of 
a thermocouple. The spring is bi-metallic, and is rolled very th'm and 
coiled into a very .small spiral (about J in. in diameter and i,”, in. deep). 
The centre of the spiral is fixed, and the free end carries a light 
aluminium pointer which, with alterations ip tempcratu.e of the spring, 
moves over a graduated dial. I'jie dial is empirically gcaduated, so 
that the indications of the pointer denote the temperature of the 
body on which the instrument is sighted 

With the thermocouple type of Eery instrument, the object sighted 
on must be at least i ft. in diameter for every 2 ft. distance between 
the telescope and object, while with the spiral type, the object "must 
be at least l in. in diameter for every 18 in. of such distance. ••These 
conditions being satisfied, the indications are inde[JEndent of distance. 
The range of temperature that ban be measured with a series of these 
instruments is from 500' to 1700". The^ scale of sucii instruments is 
sometimes extended by the use of a diaphragm and secopd scale.' 

The ncce.ssity for accurate focussing is obviated in th\; Foster fixed- 
focus type o(. pyrometeV supplied by 'th;^ Foster Instrument Co., 
LefShworth, this result being achieved by locating the front diaphragm 
of the instrument and the receiving di.se of the couple at conjugate 
foci of the mirror which reflcicts the pdiation fin ^o the disc of the 
thermocouple. This instrument required a rather larger area for. 
ijifThtinr purposes than instruments of the variablh fo'cus type. It 
can be obtained in either the jndicathig or the recording form. A 
similar instrument been introcKic^id by Thwing,i efnploying a 
reflecting cone in place of a concave* mirror. In a modification 

due to Whipple, a salamander or fifc-clay tube is introduced into 
• «« ^ 

^ rhys. Rev., 1908, 26* I90. 
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the heated enclosure, and the iiadiation from the hot;end of the • 
tube received on a delicate therinotouple. 

The precautions necessary to be taken in the use of the instru¬ 
ments described have been well summarised by li. Griffiths.^ 

• 

(2) Optical Pyrometers. 

The theoretical basis*of the total radiation pyrometers described 
above has been more firmly est’ablished than tnat of the optical 
pyrometers dependent upon the yieasurements of the ijitensity of 
the mdiation of a definite^ wave length. The latter, however, possess 
certain advantages, not the least of which consists in the fact that 
•they may be used for»asccrtajni|ig (he temperature of bodies of smaller 
dimensions than is 'jossibic with pyrometers of the former class, 

‘There arc two types of this ejass of instrument. In the one type. 



the tempera^ture of the body upon vvhich the instrument is sighted 
is ascertained Sy adjusting, the current through an incandescent 
filament until, such fiTament “disappear;?” against the background 
furnished by Uic radiation from the body upon which the instrument 
is sighted. The monochncfnatic illumination, i.e., radiation of definite 
wave length in such an instrument, is secured by the* use of a'tiTter 
of red glass* in the^ eye-piece of the* .sledding telescope. Such an 
instrument was iutroduced by„Morsc, aiid modified,by Holborn and 
Kurlbaum .2 TheJnstrumciA is illustrated in Fig. p8.’ The instrfflnent 
IS calibrated by sighting upon an electric furnace, the te^mtrerafnr e 
of which is. simultaneously mAsured Jjy a thermocouple. Ordinarily, 
the^ instrument can be; used aij? to a temperliti’je of 1400°, and by 
the use of an.absorption scr?en consisting of t^o black glass mirrors, 
inclined at 45^, the range is expended to 2700". Varjous other types’ 

. ‘ Method! 0/ Measures Temferature, 1918, (,.^93. ^2 Amt. I'hystk, 15103, 10, 235? 
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' of absorbing screens are similarly employed. The use of a spectroscopic 
eye-piece, as introduced by Mendenhall,' increases the accuracy of 
the instrument. 

In other types of optical pyrometer, the radiation from the 
heated body and the radiation from an incandescent filament are 
compared, the application of Wien’s law being justified by the 
simultaneous isolation of radiation comprised within a narrow range 
of wave lengths from each beam. The best known instrument of this 
class is the Wanner pyrometer, manufactured by the Cambridge and 
Paul Scientific Instrument Co. lir'clly, the principle of the instrument 
is as follows;—Light from the object whose temperature is (o be 



measured, and light from an electric lamp supplied with constant 
current, pass respectively through the two halvc.s ol chfe telescopic 
arrangement shown in Fig. 7.9. These beams pass through the system 
of lenses and prisms shown. The two beams are polarised in different 
planes on passing through the Rochon prism and arc rendered mono- 
chr^atic. Finally the two beams [lass through a single eye-piece, 
and the field of view is divided into two semi-circular halves separately 
illuminated by the two beams. In general, the intensity of illumina¬ 
tion vf the two halves of the ‘field is dTferent, but adjustment to 

__equality is effected by rotating the eye-piece, containing a Nicol 

prism, to which a pointer is attached, the reading of the pointer 
indicating directly the, temperature of the body on which the pyrometer 
is sighted. The currcfit supplied to the'electric lamp is maintained 
at a constant pre-determined value by" means of a rheostat, the value 
‘ Ph}!!. Piv,, 1911, 33, 74. 
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being read on an ammeter. ^occasion arises, the electric lamp* 
is standardised against an amyl-ace'tate. lamp, the value of the current 
necessary for adjustment to.equality of illumination of the two halves 
of the field of vision in this case being that employed in subsequent 
use in the instrument. The;rangc of employment of the instrument 
is ordinarily from just below 700” to 1400“. T.ly the use of absorption 
screens, the scale may be adjusted to the following ranges900”- 
2000”, i200°-25oo'’, and i4O0'’-4ooo«°. 

Amongst other optical pyrometers may be mentionerl- the Shore 
pyroscope, the J-ery abst^rption pyitur^cter, and the Hurgess pyrometer 
for determining melting-pdints of microscopic samples. Allied to instru- 
.ments of thiscla.ss arqoptical pyroipeters, such^as the Wedge pyrometer 
the Stereo pyrometer, and \he ^ryromike, readings taken with which 
arc .affected to some extent by the acuity of vksion of the observer 
but which, used with caution, nre capable of affording'much useful 
information in teciniical practice. ’ ' ' 


CONMCS 

The mcthoij of cfriployih*g .a ,sericf^.if mixtures of vitreous materials 
to c.stabhsh’a scale of tem^jerflturc was originally conceived by Lauth 
anrUVogt abou* iS.So, The meflio?! was much developed by Segcr 
and further c.xtendcd by Cramer and nechf The temperature scale’ 
m the original form devisexi by Seger has been modified and extended 
by later practice, ^nd the following table i.s the present-day designation 
.of ths various cones and their respective squatting temperatures;— 

*• • • 

Squ^ting Temperatures of Seger Cones. 

I ^.* • • iwT" t I Till 

I • p N,,.! 'T I '''.J ^e. I j ,, 


85.'i 1571 ' 

SJo 1(110 
I 900 l(i.'i2 

920' 1088 
940 .1724 


0.5,1 foOO ! 

01a I lO'A ’ 

CSa 1040 j 

(»A 1004 ) i 

01a 1080 j 

1a hod 

2a 1120 

3a 1140 

4a llfiO 

6a 1180 

Oa 1200 , 

7 ' 1280» 


10 1.300’ 

11 1320 

12 1350 
• 7380 

1 * KIO I 
15 •. 1436 
lit *1400 
It 1480 

18 1500 

19 1020 

2» 1630 

24 1580 

27 1010 

28 1630 


29 ! 1050 

30 .j 1070 

31 , i 1690 I 

32 1710 

33 1730 

34 1760 

;i6 1770 

30 1790 

3 j ISOfi 

38 1850 ' 

39 1880 

40 1920 

41 1960 

42 2000 


* ronm,iuslrit‘Ziit., 1896, No,i8. 
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In use, a selection of the cones,"suitably chosen according to the 
temperature to be measured,, is placed in sequence on a tile so as 
to be visible from outside the kiln or furnace. The order of fusion is 
observed, and the temperature taken as that indicated by the cones 
who.se summit bends so as just to touch the tile. The cones are 
composed, of mixtures„^in various proportions of pure quartz sand, 
felspar, kaolin, calcium and magnesium carbonates, boric acid, with 
a small proportion of iron oxide in some of the cones. The cones 
should be calibrated under conditions of rate of heating approximating 
to that to which they will be subj^ected in practice. With very slow 
heating the cone.s may soften at temperatures from 40° to 70" below 
those indicated in the above table. The .squatting temperatures are 
largely affected by the atmos[)here in \/hich the cones are heated.' 
Thus differences of as much as no'’ were obtained in the .squatting 
temperature of cones 9 and 10, when heated in the electric furnace 
and a ceramic kiln respectively, the heating being prolonged over 
a period of sixty hours. The cones can be used with confidence to 
give relative temperatures correct to ?5".nt the higher range, but too 
great reliance must not be placed upon the absolute temperature 
indicated by the cones in any givv'ii case. 

Analogous methods of temperature measurement are furnished by 
Watkins recorders, lloldcroft’s tkermoscopes, and Wcngeis' caloritcs.- 
Wiborgh’s thermophones comist of an explosive surrounded by a 
fireproof substance and made up in cartridge form. The time is noted 
between the time of introduction of the thermophone and the 
explosion of the cartridge. The times are measured to one-fifth 
second, and results concordant to 20" are obtainable at 1000". 

Amongst other pyrometers of various types may be mentioned 
the hot-blast pyrometer, employing the principle of dilution of the 
hot blast with cold air, Wiborgh’s air pyrometer, and th.e Siemens 
calorimetric pyrometer. These and various other types of industrial 
pyrometers are described id T!’.c Measurement of lliglr Teinperatures, 
by Burgess and Lc Chatelier. A'arious other types, particularly appli- 
ca to technological practice, will be fA;nd in the Report of the 
Faraday Socic?y of the di.scussion held id 1917 on “ Pyrometers and 
Pyrometry.” , ' ' 

’ ifT llurgess nntl Le Chalclier, Tht Mkismeviftil of liigh Ttmperalurrs^ iyi 2 , p. 376' 

“ See /’)//'> y Matr.jnh^ Watkins, in ryt-wnelos and I'vrontflfy, publi; 'icd ly l''ar,icJay Society, 
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• • 

Till-: MEASUREMENT OF PRESSURE. AND OF DRAUGHT 

. • 

MANOMKTI’.KS . 


The determination of the pressure in a current of gas is often 
necessary in technical work, especially those relatively small differences 
of pressure which occiy^ in chimrfcys, gas generators, sulphuric acid 
chambers, and the like :*indecd many chemical processes can only 
be rationally conducted with the. aid of systematic measurements of 
this nature. Obsiirvntions'of the differences of pressure registered 
by^the instruments arc sometimes .sufficient, whilst in other cases 
the velocity of the current of ^as and the quantity of gas flowing 
in the system are«dcduccd from the ob'servations by calculation. 

IiVtruments which simply *. measure the statical difference of 
pressure between the adjaJenU spaces, usually t^tween the inside of 
an apparatus and the external »tmosphcre, are called pressure gauges 
or inanometcrs. Psessure»*anemomfters are those which measure the 
difference between the stcttic«nnd dyjiamic pressures at a point in a 
sti^am of flui^. The preSsure w #cacl and recorded in a variety of 
units. 1 bus it may bo e^fpressed dn pounds per square inch, in 
tenths of an inch of wate'r column, in millimetres of mercury, etc. 
The conversion,^from one mode of expression to another is often 
necessary, and is readily carried out by an application of the 
hydrostatic result that the increase of pressure due to a depth, 
II of liquid of fiensity p is^^'pH absolute units, or is proportional 
to ^ 11 . Thus, by way of exampje, a pressure of 760 mm. of 
mercury • • 


760 x *3,6 mill, wati;; 


t iuuL water 

• 5^ X 12 

• * 33-9 E'ct of watep 

. 33.9 X 12 X 62,3 ,, 

^ Ihs. per sii.'in. 

•=- 14.68 ll«, pef S(|. in. , 


Of the man^' form.s of pressure.* gauges the'sirgplest con^sts of 
a glass U-tubc provided with a .scale (Fig. 80). Whfn the pressut^^» 
at any pant in a current of'gas is to be ascertained, one limb of the 
tube A is put in corpmunicatibn with that'^qjnt by means of the 
tube D, and the other limb II is open to the atmosphere. The pressure 
at the point" in question is then greater or,less thaji the atmospheric 
pressure by an amount prcporticnal to the.difference in.level ol^thc 
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liquid in the two limbs. The question as to whether there is an 
excess or deficit with regard to the atmospheric pressure is settled by 

noting whether the level of the liquid 
in the limb open to the atmosphere is 
respectively above or below the level 
in the other limb. 

In addition to the simple form of 
IJ-tabe, the hydrostatic gauge has 
been modified so as to appear as a 
sinjrlc tube, the remaining tube taking 
tlfe form ofa wide cylindrical vessel. 
A float swims on the surface of the , 
liquid in the narrov- tube, and is con¬ 
nected with a horizontal indicator by 
mean.s of a fine string passing over 
a small pulley. > 

King’s gauge (Fig, 8l) is essentially a jj-tube modified, so that 
one limb siirround.s the other. A flcat ■'on the liquid in one limb 
is connected with a string passing o‘'cr a pulley wheel, balance of 
the pulley wheel being maintaffled by the use of a small weight 
attached to a string wrapped ” 
round the wheel in the opposite 
direction. The pulley wheel is’ 
mounted on friction wheels, and 
its rotation by change of level 
of the water is indicated by 
the motion of a pointer con¬ 
nected to it. The .scale is 
divided, so that readings of 
pressure correct toin, can 
readily be made. Such gauges 
are especially serviceable for the ' 
measurement of jircssures up to ' 
abouj^one foot fjf water column. 

The principle of the aneroid 
has been applied by the Cam¬ 
bridge and Paul Scientific In.- , 
strument ^o. in,,, a convenient 
•—portable pressure gauge for the 

measurement of gaseous pressures up to about lo in. of wa.er column 
(Fig. 82). The zero admstment is effected by rotating th" dial of the 
instrument, the instrument being meanwhile held in the position in 
which it is subsequently employed. Such instruments require calibra¬ 
tion from time to time, owing to variation in the elastic properties of. 
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the material of the aneroid. Inetrumcnts of similar type are availabit 
for the measurement of pressures df the order of too. in. of water. 

For the inJ/cation of^ higher pressures, frequently' met with in 
technological practice, instruments of the Bourdon gauge type are 
generally used. In these ja deformation o‘f a 
sealed steel tube, one end of which is fixed, is 
produced when the interior of the tube is ex-, 
posed to pressure, and the motion of the free 
end of the scaled tube moves a pointer or other 
device serving, to indicate the pressure to which 
the* tube is subjectecf» Such gau’ge.s can be 
obtained to indicate a pressure of 12,000 lbs. 
per .sq. in,, and pi^sstire gaftges of special design, 
such a.s crusher gauges, an? ?ivailable for the 
measurement lof still higher pressures. Various 
devices—mechaiu’cal and optical-—htfve been in¬ 
troduced ^or the measure- 
mcnlfcantl recording of the, 
pressure^developed by the 
explosion of gaseous mix¬ 
tures.* • ' 

Saiige.'i the types 

already/ dcscribty:! can readily be made recording, 
the indicator or pointer merely being supplied 
with a receptacle for inh, and its indications re¬ 
corded on a suitable chart driven by clockwork at 
an appropriate rate. Such devices can ahso be 
obtained with arrangements whereby a bell is 
rung when any predetermined pressure is ex¬ 
ceeded or whom the pressure falls below a pre- 
detgnjiincjfl figure. 

In technological practice, it is often necessary 
to m^a.sure minute differences of pre.ssurc. The 
mtasurement of the ’iraught ii» a flue ne^ssi- 
tatc? the measurcpient of a dcfTcit of pressure of 
the order of gun. of water. The accur.atc 
measurement of ^uch minifte pressure differences 
nectSsitates the use of special appliancesI'Tarious 
micro-manometers, as they gre cSlled, axe,* 
available.* One form of m'lcro-mfwiometcr, designed by Segcr, for 
the measurpment of (Jraughtnifd of pressure’)^ ,^iown in Fig. 83. This 
consists of a calibrated glass LJ-tube, A, both ends of which end in large 

’ e/. Watson, Avc. /ns/. Au/omobilt Engineers, igoo, p»3Ql ; Whe«ler, /. Cbe/n. Sac., iqir. 
lls. 8<c. . . * " ’ 




Fin. 82 . 
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glass tubes, B and C, of equal diameter.* The tube, B, A, C, is fastened to 
a board which also supports a sliding scale, D, fixed parallel to one limb 
of A, and adjust,able by means of slits a a and screw pins b b. The U-tnbe 
is filled with two non-miscible liquids, having the same specific gravity, 
in such a manticr that their point of contact is near the zero of the scale. 
Water and aniline, or light petroleum spirit and dilute alcohol, are 
suitable pairs of liq^uids for use in the apparatus. B and C being 
exposed to atmospheric pressure, the point of contact of the two 
liquids is adjusted to the zero of the scale. When B and C arc 
exposed to pressures differing slightly, a smi^ll difference of level of 
the liquid in the upper wide portions of the two limbs occurs, and 
the difference is multiplied in the movement of the surface of contact 
of the liquids in A in the ratio of the sectional are'.s of B and C to 
that of the narrow tube A. When the specific gravities of the two 
liquids arc not exactly the same, the nece.ssary formula for the 
conversion of the motion of the surface of contact to the equivalent 
difference of pressure in B and C is.' slightly more complicated, but 
in any case, the scale can be graduated ho indicate such difference 
of pressure directly. 

A modification of the Segcf' instrument is, found in Kdpig’s 
differential manometer in which the two limbs arc concentric, being 
arranged one within the other. A .sfmilar'portable g<juge has bfen 
introduced by the Royal Air Establishment.^ A mineral oil and 
coloured alcohol are the liquids employed: .The same principle has 
been applied in the construction of a micro-manon)etcr, composed 
of two vessels of large cro.ss section containing liquids and connected 
by a narrow horizontal tube containing the same liquid, the movement 
of a globule of benzene or other suitable liquid, or a bubble of air, serving 
to measure the difference of level of the liquid in the two large ve.sscls, 
such movement being amplified in the ratio of the crojs section of 
the large vessels to the cross section.of thq, narrow conrv5c|ing .tube. 
The zero positions of the surfaces pf separation in ,sucli*in.struments 
are liable to change after pre.ssur3 has bqcp applied, and thi.s defect 
is a ccen tuated by globules of oil, etc., adhering*to the tube. 

For the measurement of differences of"pressure of the order of 
O'Qpoi in. of water, recourse may be had to tjic Cha^tock Tifting Micro¬ 
manometer * (Fig. 84). In thi.i gauge, a IJ-tnbc, of special design 
as shdivn, is mounted so that any displacement of ,water along the 
can oe aniiulled by tilting the tube through a s.mall angle whose 
value can readily be calculated. Errors due to capillarity and-, viscosity 
are thus avoided. As..shown, the left limb of the; U'fube is continued 

‘ En^neering, 1917, 107, 395. 

^ P/nl. Mag. ^ 1901 [vcj, I, Engineering, 12th Sept. 1913; Proe. Inst. Ctv. Eng., 23 nA 
Dec. 1903. .. . 11. 
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upwards, and is concentric with the central vessel to which the right 
limb is connected. This central* vessel is filled with oil and water 
by means of a tap communicating with an oil restyvoir above. A 
surface of separation between oil and water is produced near the top 
of that part of the left lirjb contained in the centraf vessel. Such 
surface of separation is illu¬ 
minated by light reflected 
from a small mirror, and o;in 
be observed by means of a 
microscope, or may b^ pro¬ 
jected on a screen of gr»und 
glas.s. In the one case a cross 
wire in the cytt-picce mtiy 
serve as the constant datum* * 
point to which the surface of i 
separation between oil and 
waty is adjusted; in the • 
other the surface of sepaw- , 
tion is .throughout adjusted « 
to^a line ruled on scratn. 

Any motipi/of the surfacri 
of separa-tion .away from the 
fixed datum point is restorer^ 
by a rotation of the large 
wheel, the circiynfcrence of which is divided into a number of equal part.s, 
and which is carried by a screw, and from the amount of such necessary 
rotation the difference of pressure is readily obtained. The tap in 
the fioi^zontal limb is employed to prevent rupture of the surface of 
separation by Ramping the motion of the liquid until approximate 
adjustment^ of the tilt has been acfiievcd. ' 

^ sompwRat similar, micrij-manometcr, due to Topler,' utilises a 
small coluwn of xyfenc as the yqmd, and the position of’the column 
of liquid is always restored to it:? zero position in the tube by the 
tilting of the tube cotifaining it, when a differenae of press^e.js_ 
established between the ^wo ends of [he column. The zero position 
is determined by (^xposiirc of the (|jvo ijnds of the column of liquid to 
the same pre.sssire. In this form, the spstrumenT i^ robust and portable, 
and the in^ica^ons reliable. , • ^ 

Griggs has described a form of micro-manometer qppabfeof measJia, 
ing a pjessurc of soVd inclT of water, and of very wide application in 
technical jyork.' Tlje instrfirnent censists o*^.a, narrow tube, which can 
be set at various inclinations to the horizontal and connected with a 
^ • 

^ Tivt-hook of Practical PhysieSy'^N,l()l^ 1^1. , 

“ J. Gas Lighting^ igiif 122 , 670. 
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Mservoir of large cross section. The position of the meniscus in the 
narrow tube is read by a vernier.' A micro-manometer, capable of 
mea.suring pre.ssures up to two inches of water, has been designed by 
R. Threlfall.' The difference of the level of the liquid contained in 
two vessel.s of'large cross section, connected by a tube of narrow bore, 
is ascertained from the reading of a micrometer screw adjusted to touch 
the surface of the liquid in one of the vessehs. Readings can readily 
be made to 0005 myi. of water. Fry - has described an exceedingly 
delicate type,of micro-manometer in which two gas-tight chambers are 
separated by a gas-tight diaphragm. When p minute difference of 
pressure is establi.shed between the re.spcctivc chambers, the conse¬ 
quent motion of the centre of the diaphragm at right angles to the 
plane of the diaphragm Is determined b/ the rotation of a mirror 
attached to a bifilar suspension, one thread of which is attached to the 
centre of the diaphragm, and the otherj to a rigid support provided by 
the metal wall of the chamber. The instrument ir, calibrated em¬ 
pirically by the application of a series-of-known micro-diffcrenqps of 
pressure, these bcing^ furnished by twp cijumns of, air subjected to 
different temperatures. The instrumenf had been adapted to furni.sh 
indications of rather larger micr*-pressure.s'' by ,thc provision of a 
rubber-separating diaphragm, the motion of the centre of which is 
communicated to a pointer moving c've.r a graduated arc. The Ogilvic 
instrument of this type gives a (leflection of 300' of arc for a velocity 


Typo of Micro, 
manoinoter. 



Miliimiiin I’rosHiiro 

Principli' employod. 

Roforoiicn. 

(Ictcctfiblo by 
Micro, msiionu'ter. 

Rayleigh . 

Tilling mercury U-tube . 

IViil. Trans.i A., 1901, 196, 

0.68 dyne per 



205 

sq. cm. 

Morley and 

Tiltinff ineniiry U-tubc . 

Atnn,/. Sit., 1902, 13, 455' 

o-faS dyne per 

Hrush 



SI], cm. 

Threlfall . 

Micrometer screw adjust. 

Proc. Inst, Mt'ch. igO-),* 

o'j dyne per 


ments to surface of water 

p. 27J w . 



U-tube 

* 


Hering 

Tiltinij mercury U-tubc 

Amn Pliysd\ 1906, 21, 319 

0^3 dyne per 

with dec-contacts 


•sq. cm. 

Si’heel and 

Metal diaphragm with 

DcnlM-h. Ph\'s. ^ C^selL, 1909, 

O'l <lyne per 


inter'’erence fringes 

II, r., p. I 

sq. cm. 

Chattock 

Tilting water U-tube with 

btanton, /■‘roc. ins/, t'lv. /f.n!f., 

O'Oi tiyne per 

and Fry 

benzene bubble indicator 

. vol. 156 

sq. cm. 


^forrnvv, Proc. '^ov. .Scc.j.tqoS, 



\ 

A 76, 205 




Ciiattock and lyndall, i‘/nl. 




1910, 19, 450 • 




Fry and lyndall, I'/ttl, 




1911, 21, 248 

O'OOI dyne per 

Fry . 

Diajthragm . ' . 

ntl. Mag., 1913, 25, SOI 




sq. cm. . 


^ /Vw. Zf/s/. Mech. 33, 28. 

^ Phil. M-ig., 1913 [pi.], 25, 494. 

5 Clift, B. P., No. 1,08,1913 ; Ogilvic, B.P., No, 13796, 1913. 
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* 

of 100 feet per second. A recsrding micro-manometer, consisting wf 
a large bell-shaped float to which a pen is attached, and floating in 
water, the surface of which is covered with a non-volatile liquid, has 
been introduced by the Cambridge and Paul Scientific Instrument Co. 
The differential pressure tu which the inside and outside of the bell 
is subject is recorded on a chart rotated b^ clockwork. 

The table on p. 172, given by Fry,' indicates the sensitiveness 
of various micro-rnanoiVicters. 


TllK MliASUKKMENT OF THE VEI.OCITY OF GASES 

* IN PIPES 

• • 

AnjJmomjcters 

'Phe velocity of a gas ii> a' pipe or chimney is most frequently 
determined by mSans of tflb Pitot tube introduSed by Pitot in 1732.“ 
The use of the instrumciil is *based upon hydrodynamical considera- 
tioHS which eijable Sue to Junclude tliat in the flow of a perfect fluid, if 
P = the pil'ssure at any p^oinT:, p the*dcn,sity of the fluid at that point, 
ai«i V the velocity of the gas at tfiat point, then under certain conditions 

- constant .... (i.) 

A more generalVelation than this is deduced from a consideration of the 
hy(rrodynamical equations, but for practical purposes, the relation as 
spceiftechis sufficiently exact. It has been experimentally established 
that the relation 1 ’ -f — C, also holds for a viscous fluid. It follows 
from the.above relation that if/ = deficit of pre.ss#re due to the motion 
of the gas V 7 th*vclocity v, tl^cn 
• • • • * • 

• 9 .* • (ii.) 

• ^ • 

The value of the constaTit in the above relation being the val^e 
P when V = 0. If, therefoTe, the deficit of pressure dfie to the motion 
is determiiftd at airy point in a ga.f .s^re^m, the application of (ii.) jvill 
allow of the calcjrlation of v, provided the value c(f p.is known. 

The Pitot tube is employed to ejotain the v^ue^of p in an'^ given 
case, and consist;^of two tube.s, one of which is bent a^ riglr^angles iS-. 
that its Qjren end faces the Purrent pf gas ou liejuid, and the other has 
Its open end arrangecj parallel fo thealirectiofi^^)^ the flow of the gas or 
liquid. The former is known as the dynamic pressure-tube and the 

^ Phil. 1913 [vi.], 25, 494. • • 

“ Trans. AcJLl. frat^aife d^s liciences^Hoy, 173a. 
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c<her as the static pressure-tube. It is important to note that p in the 
relation (ii.) is the difference betweeil the dynamic and static pressures 
at the same point, and the principal cause of error in the employment 
of the Pitot tube has been due to failure 'to realise tliis fact. It is 
obvious that the two tubes cannot be inserted so as to have their open¬ 
ings at the same point, and various appro.ximations to this requirement 
have been made. ^ 

The form of Pito^ tube shown in p'ig. 85 has been designed as the 
result of experiments at the National 
Physicel Laboratyry, and using a tube 
of su(di form it l*as been shown that'the 
relation p — Ipv- =0 holds rigorously. 
I'hc relation Also holdsj rigorously when 
the static 'tube is placed so that its 
orifice isiat the wall of the pipe.* Tlie 
Pitdt tube, in the form, illustrated, con¬ 
sists of two’ tubes arranged concentri¬ 
cally, the jniyr.r tube Iviing the dynamic 
pressure-tybe and having a thin-lipped 
orificv- arranged to facp the current. The 
stati’c outei; tube has a donjcal clo.sed 
end, and.holes (*re drilled in it in a direc¬ 
tion perpendicular to the ax'is of the cone. 
The diffcrcncs,. between the statie and 
dynamic pressure at the, point, I'.e., the 
value of p, is determined by connecting 
the separate tubes to the branches of a 
micro-manometer of suitable delidacj'.'' In 
general, the total pressuije existing at the 
point of in.sertion of the Pitot kibe may 
be consid^erable, and care ‘mij,.s't be taken 
that.ony limb of the 'gauge is vot subjected 
to the pressure before the tether. This 
. ■ Fid. 6» Call be achieved «n a Variety of ways. One 

of the simple.'?! being by means of a 
dogbly-bored tap with four ,lirhl;s, arranged so that cohnection is 
simultaneously made 'to the two limbs of the micra manometer on 
turning the^tap ip the appropriate manner! ^ 

K^The formul;^ / — = £1 is applied as followij:—Consider the 

case of the flow of the air through a pfpc, the weight of J cubic ft. 
of air under the condj/is^ns of temperature and pressure ip the pipe 
being 0-0789 lb. The pressure, as indfeated by the Pitot tube, 

■ CV. /^roc. Inst. MechlF.npp.^ 190^ p. 280. J. Gas Lighting^ 1912, 122, 670, contains much 
useful information about the Pitot ^ * * 
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is found to be 00808 ins. of wjtcr. If v is the appropriate valuft 
of the velocity, then by converting the pressure to absolute units 

0.0808 r ^ r I 00, 

X O’.fj X 32. if) ~ .. X 0.0780x2)- • 

12 2 

givingiz) = 18.5 ft. per sec. 

In like manner the value of the velocity v Cijrresponding to any 
determined value of p is calculated, care being taken that p is first of all 
converted to absolute units, the appropriate value of,and .the density 
of the liquid employed yi the maniftnctcr being chosen according to the 
system of unit.s employed, whethor c. g. s. or f. p. .s. Similarly, the 
appropriate values of the density of the under the conditions 
existing in the [lipe must ’be used. 

It may be taken that, proVitlcd the llow of the gas in the pipe is 



Sli. 


non-tiirbulent, tlft mean velocity of flow of the gas in the pipe can 
be 'k-scertained by in.serting the I’itbt tube in tjie pipe so that the 
pressure ishsce?tained at a jjoint di.stant two-thirds of the radius of the 
pipe Trom^he axis. This result Iblloiys from theoretical considerations, 
and has been verified pracrtcally.' * , 

The h'letcher anenapftieter is constantly employed in chemical 
technology, and is illustrattd in Fig. 86. It will be seefn that the staTl? 
and dynamte pressures are not taken tit’^roints such that the relation 
P ~ lp~^’ = holjls r 1 gorou.sly. The anemometer *onsists of two glass’or 
brass tubes a and b, which «Lre fixed Sir-light, by means of a coi^r, into 
a suitable opening in the channel or chimney in which the’^elocity of 
the gas is to be measured, ^ that their ends are rather less than one- 
sixth of tire diameter of the fjnwdistapt from "its inner wall. The tube 
0, with the straight end, miftt be fixed as netSly normal as possible to 

the direction.of the current, wWle the tube 6 must be so fixed that the 

• • 

^ J, Qas Ligkinfr^ 1912, 122,^72. 
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gas stream blows direct into its open ^nd. The tubes communicate, by 
means of rubber tubing, with the U-Iube cd, which is half-filled with 
ether. The current of gas produces a rise in level of the ether in d 
and a fall in c. The resultant difference of level of the ether in the two 
limbs is measured by means of a millimetre scale and vernier; this is 
called the “anemometer reading.” By'turning the sliding disc e 
through l8o°, a is connected with r and i with <■/; an equal difference 
of level to that previously recorded, but in the opposite direction, should 
now be obtained. In any case the mean of the two readings should be 
recorded as the final corrected “anemometer reading.” The following 
tables facilitate the conversion of'the anemometer readings to velocities 
in the case of air, ether being employed as indicating liquid in the 
manometer. Should any Mher liquid be employed in the manometer, 
and any other gas than air be flowing fn the channel, the appropriate 
velocity can b.e readily calculated from those given by multiplying by 
the fa'ctor 



Density of liquid emp'oyed in manometer 
Density of ethci at same te'nperati,!,re as liiiuid 
Density of air “ 

Density of gas m, qu.estion „t 15“ and 760 mr.i. 


where ft 
P. 


I.—Table for the Reduction of the Anemometer Readings to 
Velocity of Current, expressed in feet per Isecond. 


Column « gives the anemometer readings in inches; column i the velocity in* feet 
per second at a temperature of 15° C. =■-60° I'., and baronietri; p.-e;sure 
760 mm. = 29-92 inches. 


a. 

b. 

a. 

(>. 

a. 

l>. 

*H. 

IiKiliea. 

FiteL per gee. 

liiclics. 

Kdct per sec 

lup.hf’S. 

O'ot. per si'i. 

JliClli'i' 

•01 

2-855 

•16 

n-42 . 

* *32 

16-15 

. 

•9.=i 

•0-J 

4-038 

•17 

' 11-77 

'31 

♦- 16-65 

1-00 


4 • 94 .';' 

•18 

12-11 

•36 

J7-13 

1 -25 

•04 

5-710 ' 

•19 

12'4,'i 

•38 

i7-i;o 

1 -50 

•05 

6*384 

•20 

12 77, 

•40 

18-06 

1 -75 

•06 

6 • 99.3 

• 2 : 

13-OS 

•1.5 

lu-is* 

2-00 

'07 , 

7-5.S1 

-J-i 

13-o9 j 

•r,o 

20-18 


•08 

8-075 

'2'3 

13-70 

•55 

31-17 


•09 

' 8'5fI5 

•24 

13-99 

•60 

22-12 


^'“•10 

9-028 ' 

•25 

14-28 

•65 

23-02 


•11 

9-469 

•26 

■ U'56 

• 7 ? 

23-89 


•12 

9-891 

•2'r 1 

14-84 

•75 

i -Ji-Tfi 


•13 

10*29 

•28 

15-M 

•80 

25-54 


•H 

10-68 

•29 

15-38 

•83 

26-32 


•14 

11-06 

^ *30 

■ 15*64 

-90 

27-08 



h. 

Ftitit Per sue. 


31-93 

34-97 

;!7-77 

40 37 
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jl _Xable for the Reduction of. the Anemometer Readings to 
Velocity of Current, expressed'in metres per second. 

Column a gives the anemometer readings in millimetres ; column b the velocity in 
metres per second at a temperatjre of 15° C., and barometric pres^re 760 mm. 


it. 

h. 

It. 

h. 

it. 

h. 

a. 

/>. 

« 

it. 

. /'. 

(/. 

7.. 

min 

til 

iiiiii 

in. 

nirti 

• n* 

lain. 

in 

Ill in 

rn 

IIIIII 

Ill 

O'l 

0*075 

1*4 

2*040 

2-7 

2*833 

5-0 

3*855 

10*0 

5*45*2 

f'J *0 

7*515 

0‘2 

0*771 

1*5 

2*111 

it) 

2*885 

?*2 

3*931 

10*5 

;>*586 

20*0 

7-710 

0'3 

•0-9t4 

l*(j 

2*181 

2*9% 

2*935 

0 0 

4* 006 

11*0 

5*718 

21 

7*900 

0:4 

1*000 

1-7 

2 *.248 

3*0 

2'98») 

4*080 

11*5 

5*846 


8*086 

0’5 

1 *200 

1*8 

2*313 

3*2 

3-077 

5*8 

t-i.'i-i 

12*0 

5*972 

23 

8*268 

0-6 

1*341 

1*9 

2*^70* 

2*438 

3*4 

11-179 

*6*0 

4 *223 

• 12*5 

6*095 

24 

8-446 

0-7 

1*442 

2*0 

3*6 

3-211 . 

G *5 

4*395 

13*0 

6*216 

25 

8*620 

0-8 

1*5(50 

2*1 

2-498 

0-3 

3*361 

7 0 

4 *.501 

13*0 

6*334 

30 

9*443 

O-D* 


2*2 

2'657 

4*0 

3-4-18 

7-f, 

*4-721 

14*0 

6*450 

. 35 

10*199 

I'O 

1*724 

2*3 

‘ 2-615 

4*2 

3*569 

8*0 

, 4-876 

15*0 

6-077 

40 

10.*903 

1*1 

1*808 

2*4 

2-«7I 

4*4 

3 61G 

8*5 

0-026 

16*0 

6*896 

45 

11*565 

1*2 

1*889 

2*5 

2-720 

4*0 

3*1198 , 

0-0 

5*172 

17-0 

7-108 

00 

12-100 

1*3 

^9(50 

2*G 

2*779 

• 

4*8 

8*7?7 

•ft • 

9-5 

0*314 

18*0 

7-314 
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III.—Table for Correct'^on’for tho Temperature at which the 

• Anemometer Readings are made, to 15“ C. =60’ F. 

Column a gives the observed tem.|(erature ; column b, the factor by which the values 
in column b of Tables 1 .' and II. must be multiplied, to give the correct 
velocity. « 


• 

r (' 

* 4. 

it. 

r (1. 

h 

it 

f c. 

/^ 

It. 

r (1 

k 

It. 

l (.!. 

h. 

a, 

r (!. 

1 

/-. 

10 

1 -<l46 , 

12 

0*995 

42 

0-906 

• 

66 

0*922 

140* 

0*835 

260 

0-739 


1*036 

23 

0*991 

H 

46 

. 0*953 

68 

0*910 

150 

0 *825 

270 

0*728 

0 • 

l-0»7 * 

22 

U*98« 

o-sSo 

70 

0*916 

160 

0*815 

28(^ 

0-7-21 

2 

1*022 I 

^ 24 

0*985 

48 

0*947# 

7S 

0*912 

170 

0*806 

290 

0*715 

4 

1 *020 

, 26 

0*981 

6(T 

0*944 

iO 

0*903 

180 

0-797 

300 

0*709 

6 

1*016 

28 

0*978 


0*941 

85 

0'89» 

190 

0-788 

320 

0-697 

8 

1*012 

30 

0*975 

•54 

0*938 

90 

0*890 

200 

0-7^ 

340 

0*6P^«^ 

10 

1*009 

32 

0*972 

5» 

0 935 

95 

0*884 

210 

0-772 

360 

0-676 

12 

1*005, 

34 

0*968 

58 

0*933 

100* 

^•878 

220 

0*764 

400 

0*654 

14 

1*003 

36 

0*565 

n 

0*930 

i*lo 

»-8G7 

230 

0*756 

450 

0*631 • 

15 

1*000 

38 

0*962 

62 

0*927 

120 

, 0*856 

24# 

0*749 

500 

0*603 

16 

0*998 

40 

0*959 

64 

• 

0*924 

13^ 

_ t_ 

• 0*845 

250 

• 

1)-74-2 

-- - 




Wherever possible, it is dcsifable tti use, in. place of the Fletcher 
anemometer^ a Pitot ,tube cf'the form cld^rjbed on p. 174, in 
conjunction \vith a micro - manometer of .suitable delicacy. The 
determination* of the velocity of the gas stream is .then effected in 
accordance with the method lillustaited on pp. ^74-175. , , 

■ * . M 
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Hot-Wire /\nemometry 

The subject of hot-wire anemometry.has been very considerably 
developed in recent years, and bids fair in time to displace anemometry 
by means of Pitot tubes, or the windmill type of anemometer. The 
subject has been developed theoretically and practically by King,* 
Morris,^ Gcrdicn,^ nnd Bordoni,* who have constructed instruments 
whereby practical hot-wire anemometry may be realised. The method, 
in essence,.consists in submitting a heated, fine platinum wire to the 
cooling action of the current of gas, >/hen the co.oling effect of the current 
upon the wire serves as an indication of vhe magnitude of the gas 
current. Various methods whereby this result may be achieved are 
described in the memoirs to which reference is made. The application 
of the method has been extended to a wide range of gases by 
employing fine wires, surrounded bj a coating of glass fused on to 
them.® The ordinary sensitiveness of the method employing sucli 
coated wires is ample for all tcchnicul purposes, and indeed little less 
than that afforded by the uncoated wir^. 

Various types of anemometers and' indicators have been de.scribed 
by Pannell.*’ C. C, Thomas^ ha.> introduced a thermomctric type of 
electric anemometer depending on the measurement of the supply of 
electric energy necessary to heat the stream of gas through a definite 
rise in temperature. 


THE MEASUREMENT OF COLOUR: COLORIMETRY • 
AND NKITIELOMKTRY ' ' ^ 

The majority of the applications of colour measurement in 
technology is comprised of measurements whereby tne amount of a 
component part of a mixture is quantitatively determined by the 
colour imparted by such component when' in solution. As examples, 
one may give the colorinictric determinatioa„of nitrous acid, ammonia, 
and lead in water. In general, the determi.iation is made by matching 
the colour of a solution of the component in question, in a suitable 
solvent, by comparison with the colour of a suitaole standard solution. 

A psychical consideration is of importance in connection with > 
colorime'fry. Yiie well-known psycho-physical Weber-Fechner law 

■ Phil. Tram., A., 1914, 528, 373; and'/ti:/. 1915, 29, 556. 

BnU Assoc. Reports^ ‘'‘•'Ser. deutsch. Rhysik. 6 Vj,, 1913, 20, 9O1. 

^ Num'o CxmentOy 1912 [vi.^, 3, 241, 

Soc. Chem. Ind.^ igi8, 37, 165. Sec also Rroc. Rhys. Soc.^ 1920, 32, 196; Mag.y 
I92(l[vi-]. 39. 505 - ^ 

Engineerings 1919, 107, 261 295, 333, 363, 393. J. Franklin Inst.y 1911, 172, p. 411. 
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states that: “ In order that the ifttensity of a sensation may increase ill 
arithmetical progression, the stim'ulus must increase in geometrical 
progression.” The application of the law is made plaiiiby illustration. 
A small difference of weight cannot be recognised when the weights 
compared arc heavy, but tljc distinction can be readily made when 
the weights compared arc light, and most easily, of course, when one 
of the weights itself constitutes the small difference. In just the same 
manner, technical colorimetry pcs.scsses the greater accuracy as the 
dilution of the solution is increased, and hence it is foimd that the 


practice of colorimetry, is most hi^h^ developed in the detection of 
minute quantities, and o» what may be classified as impurities. The 
application of the Weber - Fecjjner law is of importance in the 
construction of ati empirical .scale of shades of colour—say grey—by 
mixtures to which various sh'acfes of _the colour in question, grey, are 
to be referred In order that* the scale when constructed—a,nd it 
must necessarily •be discontinuous—may be of equal “sensitiveness” 
throughout its range, then the admixture of the one colour, black in 
the present instance, to thcnothcr, white, mu.st puccced by geometrical 


progression throughout the range. 

• • ■ . *• 

• CuI.ORyvrETKV 


In the technical practice of colorimetry, the most commonly 
occurring determination. iS typified by the adjustment to equality 
of the “ depth ” pr tint of colour of the solution to be examined, and 
that of a standard solution prepared according to an appropriate 
specification. In general, the adjustment to equality of tint is 
ach*eved*in one jof two ways: (i) the concentration of one liquid is 
varied until equajity of tint results; jmd (2) the concentration of both 
liquids is' maintained constant, the intensity of ccflour observed being 
varicj by^vjrymg the depA ot the column of liquid through which 
the light is Uansmitted. , • 

Nessler’s’method for l\v deternlination^of ammonia in water' is 
an example of the appliiAtion of the first method. H^re the stanr''.’d 
solution is constituted of*ioo c.c. of ^wgter free from ammonia, and 
the comparison solution i^ an equal volume of the water containing 
ammonia. The two solutions are contrf^jied in gfass-stoppered bottles, 
preferably of cq^ glass, ol glass cylinders about 30 cm,.,,^iigh and 
4 cm. wide may be employed. To each, 2 or 3 c.c. sf Rochelle salt • 
solution q^'e added, followed drop by drop by the same quantity of 
Njssler’ssoJution (potyssiun^ mercury iodide) wjth,shaking. A standard 
ammonium chloride solution, in which each c.c. is equal to o-l mg. 
NH3, is theft added to the contents of the vessel containing, the 
' Winkler, Chem.Ji'u.^ iSg?, 13, 454 and sfl ; 1901, 25, 586.* * 
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Smmonia-free water, until equality of tint of colour of the liquids in 
the two vessels is obtained. The ammonia content of the water to 
be examined 's then readily ascertained from the result, being 
expressed in mg. per litre by the number of c.c. of ammonium chloride 
solution added. Standard tubes may be prepared, using varying 
quantities ef standard ammonium chloride solution, or permanent 
standards may be prepared by mixing solutions of platinum and 
cobalt salts.* " 

Eggertr.'s method " of determining carbon in steel is an application 
of the same principle, the carbon edntent being determinable with an 
accuracy of O'I per cent, llritton ' utilises fifteen standard solutions, 
representing carbon contents of from 0 02 to 0 03 per cent., and the 
test solution is compared with the nearest of these standard.s. The 
consideration already deduced on the basis of the Wcbcr-P’echner law 
should apply to the preparation of these standard solutions. 

The second method of procedure is instanced by Stead’s colori¬ 
metric method for the determination .'of.'carbon in steel.* llercs i g. 
of a standard steel of known carbon content and i g. of the test metal 
are separately dissolved in nitric acid-of sp. gr. i'2 at 90° to 100°; 
"to each solution 30 c.c. of hot water and 13 c.c. of sodium hydroxide 
solution of sp. gr. 1-27 arc added, the liquids thoroughly shaken and 
made up to 60 c.c., allowed to settle for ten minutes, arid filtered. 
A 50 mm. column of the standard solut'on is then passed into one 
graduated tube, and the height of the test solution in a similar tube 
adjusted, so that the tints appear of equal intensity when the tubes 
are illuminated from below. 

It is established in the theory of the absorption of light, that if 
I is the intensity of the light at any point in a homogeneous absorbing 
medium, and dl the diminution of the intensity due tc passage through 
a thickness nfr of thc‘'mcdium, then :— 

, T 

where K is a constant for any given mediuin, but varies from one 
uieUium to another. , 

Integration of the above relatiqn gives :— 

and Ifcncc 

log,, J'* = K/ 

___ _ . , . _ _ _ 

^ Report of Ainerimn Oominillec on Water Aihilysib, Journul of Jujulious Diseases. 
Supplement No. i, May 1905, pp. 16-19. ^ 

(Dum. A'ifwj, i88r, 173. ' ^ Chem. News, 1872, 26, 139. 

* f. Iron and'Sieel Inst.^ 1883, pf2I3 ; Chem. NCoiS, i88j, 47 * 285. 
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where t i.s the thickness of meiiium through which the light passes, 
while its intensity is reduced frem Ij to Ij- Now in the case of 
the two tubes employed^ above, adjustment is made so that the 
incident light is the same in each case, and moreover, the emergent 
light is adjusted to equalily in each case.* Under these conditions 

logj possesses the same value in each case„so that if the suffix a refer 

to the one tube and /3 to the othpr, then 

hence • * . 

• • TC” < 

« ‘^a ^ t/i 

Now the value of K is obv^oqsly proportional to the density of the 
absorbent matter in the liquid, and. hence it is concluded that the 
percentages of carbon are inversely _propor¬ 
tional to the Icn^hs of the columns of liquid 
whc» the emergent beams 'are adjusted to 
equality. * ’• * 

This principle is applied ill a variety of 
colorimetric yistrutncnts.’ A simpJf^ form of 
colorimeter is shown in I'^rgs. 87,and 88. 

Iti this, afl 14;ht i.s cut oTf exedpt* the small 
amount diffused through th» ground ^lass at 
the bottom of the front .s*dc, which is trans¬ 
mitted through»y:he tubes after being reflected 
by,the slip of ground white glass C. The 
light metal shade i.s made to fit one or both 
eyes closely at tjie discretion of the operator, 
and can be removed to manipulate tjic tube.s. 

A thin 'metal, partition separates the tube.s, 
all ie paiutt*d dead b[ack,rufd tke light which 
cntcis is difehised to prevcjit refleiiticfli on the 
polished sidts of the tubej ns much As po.s.siljle. Matching of the colour 
of any given liquid agSinst a standard solution is readily achieved 
varying the respective depths of the liquids in the tube.s. The apparatus 
is especially applicable the cor«rimetric determination of cojiper, 
iron, ammonia,titanium, and bismutji.*. • , 

T. \V. Uurg^:ssthas cfescribed » simple forrn ot tintometer which 
i.s useful when » large numjaer of samples of water*01 similar origin* 
have to J 5 e compared. It consists essentially of two tubes, each two 
feet long, one of which filled wtith distiiled water, and the other 
with the water under observation. The light passing through these 
is reflected‘upwards through two short cylinders,* and the colqur of 
. ** Anai^tA, lgo2, 27, agj. 



Flu. 8J. Flu. 88. 


A,—Mdt.al 

to coiilaili liiiutds 
for coniiittrison. 

C.- Wlntii jtrouiid glt.ss reflector. 
1).—Tiaiiapureiil Kyjumi gloss. 
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tile water matched with a standard c/iloured solution in the cylinder 
above the distilled water tube. The standard solution is made by 
dissolving i g. of crystallised cobalt sulphate and 0-05 g. of potassium 
bichromate in 1000 c.c. of water. 

The colorimeter dcsig'ned by C. H. Ridsdale is similar in principle.' 
In this instrument three glass tubes arc arranged vertically in a 
vertical plane near (jiie another, and at their lower ends arc provided 
with a small opaque yvhitc cylinder. The central tube can be removed 
and is closed below. The bottom parts of the outer tube are drawn 
out and pa.ss through india-rubber hungs into /uby glass bottles con¬ 
taining standard solutions of diVfprcnt .strci;i^ths. The liquid to' be 
examined is placed in the central tube. The ruby glass bottles are 
provided with syringes, vVnereby the standard sofutlons in the outer 
tubes can be adjusted to any desirable'heights. A mirror is adjusted 
above the three tubes, lly means of thjs mirror the tint.of the opaque 
cylinder mentioned is observed by light which ha? traversed each 
of the solutions, and the height of liquid in the separate tuljcs is 
adjusted so that equality of tint is speuyved. The strength of the 
solutions are then inversely proportimjal to their respective length.s. 
Ridsdale’' has produced a modification of. his apparatus applicable 
to solutions of deeper tint than ca'n be used in the foregoing apparatus. 
Colorimeters employing the same principle have been introduced 
by Stokes," Kcnnicott Sargent,' Cunsberg." A variation in application 
is due to Autenreith and .K(cnigsberger,“ in which equality of tint is 
obtained by moving across the beam of light a wedgp-shaped vessel 
containing the test solution, and adjusting the position of the wedge 
so that equality of intensity is secured between the light trans¬ 
mitted through the wedges and that transmitted through a tVoiigh of 
standard solution alongside. The instrument is specially designed for 
the determinations of hxmatine in blood, but can be equ.ally well 
employed for the determination of ^nitric, acid, iodine, chromium, 
titanium, 'etc. In Schreiner’s colorimeter," for convenicjice of com¬ 
parison, the coloured discs produced by „tiie transmissitn of white 
light through the separate tubes are brought into juxtaposition. 
"'Patterson" has designed a colorimeter in‘which the separate discs 
are brought into juxtaposition '6y the use of total reflection prisms, 
and as in Schreiner’s'instrumeirt, the length.s of liquid through which 
the bdams are transmitted are varied by r.iising or lowering a flat- 
^ bottomed*fubc containing the liquid in a wide tubie containing the 
same liquid. By the use, of a sppctrosco'pic eye-piece, the absorption 

^ y. Soc. Chern, fnd.^ l88675i '3S^- " /• ChemIfnd., 1888, 7i'70. 

3 y. Soc, Chem, Ind., 1887, 6, 135 * ( hem. En^neer, 1907 ) p- 213. 

^ OingL polyt., 228 , 457. , " Chem. Zenlr,^ 1916, I, 2032. 

’ t. Amer. Chem. Soc.^ iQOSi 27-, 1192. ” /. Soi (hem. Jnd.^ 1890, 9, 36. 
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spectra can be compared, and in, the paper referred to examples are. 
rriven of the varied possibilities of* application of such an instrument 
in practice. Colorimetric qiiantitative Analyses of mixtures are readily 
carried out by the use of the instrument so arranged. 

The colorimeter is largely used in the oiTindustry, and two forms 
of colorimeter employed the*rein have been introduced by. A. Wilson 
and C. Stammer respectively. * , 

Wilson’s colorimeter’ccMisists .of a box, the I'd of which may be 
clamped at any angle and acts as a stand for two brass tulles b (Figs. 
89 and 90), 16 in. loii^, holding tthc oil and the standard glasses 
respectively. Both tub^ij are closed by thin glass plates fixed in 
screw-caps, A mfrror at the bottom of the lid reflects the light through 
the tubes and through a pair of prfsms into tlfe eye-piece. The field, as 
seen through the eye-piece, is*divided by a sharp line which allows of 




Ki.i, 00. 


the ’ co'mfiarison of the two halves of the field, which arc tinted 
respectively with,the colour of the oil and that of the standard. A 
series of* four standard glasses is supplied witii each colorimeter, 
corre^ponc^fiig, ^n ascendiw^ orjler of depth, to the four commercial 
grades-wattfr-white, superfine v^hite, prime white, and * standard 
white. • *, • 

In making a determtnation one of the tubes is filied with oil, the 
other remaining empty. The tubes are first fixed in position; one half 
of the field* seen through the eyc-pfece jvill now, of course, be darker 
than the other. ,Standard gla.sses arc then inscrftd jn the empty tube, 
until both halves of the field have approximately the same tint.* The 
grade of the oil is.thus fixed. ^ 

Stamraer’s colorimeter haS the ad^fantage over that of Wilson that 
it .allows of the variation of thib length of th& ^ojumn of oil measured, 
whereby the .shade of colour can be more accurately defined. 

The construction of this apparatus is shown dijgrammatically in 
Fig. 91. A fixed tube s, on whjeh is place^a standard glass plaje u, 
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througli 
piece 0. 


is arranged side by side with a cylinder c in which the oil is placed; 
this cylinder can be moved up and down by means of the hand-wheel 
k, whereby the length of the cdlumn of oil under comparison is varied 
at will. Both z and c are closed at the bottom by thin glass plates 
which the light reflected from the mirror p reaches the eye- 
The length of the column of oil is adjusted until both fields, 
' as seen through the eye-piece, have 

the same depth of tint, and this 
length is measured on the .scale in. 

« The usp of the single glass 
, standard ,,Ivas found by Boverton 
Redwood' to bo open to objection, 
as the S'ensitivbnass of the test was 
mil’ch impaired when the column of 
oiluhad to be greatly shortened for 
the comparison. , Modifications in- 
trQf.luccd by R. Redwood havg over- 
corn,c defect 

J. W. Lovibond - has designed 
t an instrument which he terms a 

li , 

“tintfinetcr,” whereby, any colour 
,m^y bo readily determined and 
registered. The instrument is i/lus- 
trated in Fig 92. It consists of 
a parallel-sided bgx, divided by a 
central taper partition B, terminat* 
ing in a knife-edge at the eye-piece 
C. This knife-edge, being'in'side the 
range of vi.sion, ts not seen when 
the instrument is in use." At the 
other -et,'d of the instrument are 
jj"' ^,"'0 aperture.s D, D, of equal size, 

F.o. 81. ‘ alterable in size and shape by means 

<1 of diaphragms. They are separated 

by the thick end of the central partition B, which, together with the 
sides, is recessed by grooves.' The instrument is arranged so that 
the only light wRiclt' can reach the eye passes in equal quantity on 
each'side of the paitition, illumjnating the object under examination 
on one ^ide qnd standard glasses inserted for tlip purpose on the 
other. The substance to be examined,'if a liquid, is contained in a 
square cell arranged wifliin one of the'dii7isions,,and suitable standard 
glasses are inserted in the other division,‘so that on looking through 

^ Cf. Petroleum k:h<I its Pro^hicts^ 3r(l ed., I913, vol. ii. p. 215. 

* - J. Soc.^Chem. hul.^ \ 1890,9410; 1491,10,489; 1909,28,500. 
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the cye-piece, shaded to prevenj access of side light to the eye, th^ 
tint visible through each division is the same. The standard 
glasses consist of coloured slips ciJt to fit the grooves of the 
instrument. The slips are arranged in series, all those in each series 
being of the same colour, Jout being of dfffercnt depth of colour. 
The variation of the depth tff colour is in regular degrees, each degree 



bcTng of the same tint value as,that ehosen for the unit of the .scries. 
Thus a single slyj of lo degrees tint value has the same value as 
10 glasses of l degree, lively slip is, moreover, marked with the 
corrc.sponding nujnber of decrees or tint number, and also with a 
denominational or colour number showing to Vhich series the slip 
belongs. The units in various depths of colour are chosen so as to 
be consistent‘with the pos.sjbility of the addition of a single unit 
being distinguishable in tfie deepey'shades; in the lighter shades, in 
acJordance wTth principles already referred to, subdivision of the unit 
is accordingly possible. * 

When the colour of 'a fabric is to be estimated, this is stretched 
on a block and’placcd in one division, and a white fabric of similar 
texfurj prepared with a plate of pure plaster of Paris is placed in the 
othtr. • The standard plates are then inserted as described until the 
two divi.sions as t'iewed through the eye-piece appear of the same tint, 
wh^n ligjit reflected from the fabric* and from th,e sheet of plaster of 
Paris rc.sp 5 c*livtly pass dojvy the compartments. Powders, sugar, etc., 
pressed in a small tfay are similarly examined. P'or very accurate 
observation.'^ the intensity* of the’light employed may be determined 
before commencing by cjcftiing one division, and placing in the other as 
many slips of neutral tii»t as serve to obstruct all* light. Hy tnu 
substitution of a movable wedge tif eofoured glass for the standard 
plates, the app,aratu.s bcfcomes iin'injcfiately .-yvailablc for ordinary 
colorimetric detcrminatioi^. y\n irr»ijr6vcd forn^ is binocular, «nd is 
suitable for fest.s' of colour vision. Tire instrument i^supplio 4 together 
with tintymeter sets suitabla for use by dyers and prTnters, for fabrics * 
and solid's, for determination af sugar and caramel, for water analysis, 
for determination of carborf in steel, and for determination of the colour 
in tanning solutions, petroleums, oils, waxes, lards, flour, etc, Spielmann 

and Wood have used the tpitometcr for the determination of cyartogen 

* . • « ■ 
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compounds in concentrated ammoni? liquor.’ The application of the 
instrument is seen to be extremely wide. Konig - has devised a method 
of colorimetry for the estimation of metals, dependent upon the 
depth of colour imparted to a borax bead of known weight by a 
measured quantity of the' oxide of the metal. 


NF.rilFXOMRTKV, 


Nephelolnetry is distinguished from colorimetry by the fact that 
the former is concerned with the comparisoi;/of scattered radiations, 
whereas the latter is concerned \vith the comparison of transmitted 
radiations. It is well kqpwn that v.'hcn ; bcani of light is incident 
in a dust-laden atmosphere, the individual particles of dust in the 
beam are clearly seen when vic'vcd in a direction at right angles to 
the direction'of propagation of the beam. The particles scatter a 
portion of the light incident upon them, and Lord Rayleigh “ has 
shown how the intensity of the beam oT h'ght scattered in any direction 
is to be calculated from the physical 'ch 5 racteri.stics of the particles 
and of the medium in which the particle .4 are ,suspended. The necessary 
precautions indicated by theoretical consideration.*! for tjie compari.son 
of the intensities of scattered radiations have not, in general, been 
taken into account in nephelometric work. Invariably the suspensions 
are illuminated by non-homogeneotis light, and usualiy no precaution is 
taken to obtain equality of size of the scatteiing particle.s. The main 
difference between the practice of colorimetry just described and that 
of nephelomctry consists in the fact that in nephclometry the radiation 
is incident on the sus[)ension in a direction of right angles .to the 
direction in which the suspension is viewed, whereas in colorimetry 
the direction of vision corrcsponc's with that of the incident radiation. 
Nephelometry is accordingly applied to the measurement,- of .suspensions 
in opalescent liquids, special reagents'" suctr'''as starch solfitfon, stearic 
acid or gelatin being added to maintain the prccipitatcs'in the form 
of suspended colloids. . , 

.—-“Details of 'nephelometric dctcrminatio,ps have been given by 
Mulder,^ Stas,’’ Richards and, Wells, and others.’' Richards and 
Wells have detailed all the precautiom' necossary for accurate 
nephelometry, and have described an arrangement* whereby exact 
nephelonjptry is .possible.’ Thci: nephclometer is shown in Fig. 93. 

* It consists of two test tubes arranged ^^lmost vertically, but slightly 


^ J. Soc. Chem, Ind.^ 1919, 38, 4^ T ; see Alktx'ri If^specior'i Report^ 1906, p. 42. 

Proc. Amer. Phil. S»c.^ fd, 7, 29, 184, 208, 2ii. ‘ Phil. Mag., 1871 [iv.'j, 41, 107, 274. 
* DieSilber Prohiermethode, l 859 tp. 53, Grimm, Leipzig. ° Omvrfs, 1894, 1, 155. 

® Proc. Am. Acad., 18154, 30, 385,^ J. Amer. Chem. Soc., 1905, 27, 459. 
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inclined toward one another, so W:hat the eye can look into both. • 
Around the test tubes are two opaque sliding jackets. When the 
slides are adjusted so as to £ive equal opalescence in tlje two tubes, 
:he precipitate is taken as being inversely proportional to the lengths 
tube expo.sed to the light.* This relation does not hold accurately 
for dense precipitates, since the nearer portion jjartly hides the portion 
more distant from the source of light, but with slight opalescences, the 
error is not great, especially.when.the lengths areonot very different. 
There are three separate parts to the nephelometer, the main frame A, 
which holds the tubes in^position, • 
a movable lop B contaiiTi^g ad¬ 
justable prisms, and a large'box C 
in which is the soufte of light. 

The tubes to hold the solutions drd 
ef clear glass, frtje from striation,s» 
and contain 0’0^2 Jitre of the re- 
spectivj liquids. They are paiutctl 
autside, round the t(jp and b(ny:dg^, 
with black asphalt paint. Thesjp 
apaque bands form tlje mo.s^ con- 
i^cnient methpd*of obliterating re¬ 
flections frerm the mcniseds and, 
the curved bottom of the test tube. 

The .space between the lowe^edgc 
af the upper bancj and the bottom 

'){ the tube is thd same in each case. The lower edge of the upper 
band'projects below the wooden support B in order to provide a sharp 
line 6f dohiarcation lactween light and darkness, as well as to allow 
the tubes to be slyrt into complete darkness by the sliding tubes S, S. 
The lube.s* rest upon equal wooden pillars (which, guide the sliding 
jackets^, anJjjroject well :*b<)ve,thc support P in order to preserve 
their clcanhngss. The*jackcts are^of .glass, thickly painted,.and are 
moved up or «lown as desit'e^, being finally held in any desired place 
by a brass spring. When ^hc jackets are rafsed, they ^lisclose below 
two scales which indicate ‘exactly the lengths of the tubes above 
exposed to file light. Upon the frame* rgsts the small box B, which 
shuts out all light,an 3 is yet easily remoAiable. ln»th^ box is containecl 
a small frame which can bemdjusted ifl any desired position by ntfeans 
of the set screw The frame carries two 15° prisms, with tiltir thin 
edges groupd so that they fit cfosely. ^On lool^ing downwards through 
thc^ prisms, semi-circular images of about half of each test tube are 
brought into view side by side, and together 'appear scarcely larger 
than a single* tube, the dividin'g line between bein^ scarcely visible. 
The success of the instrument depends uppn this arrangement* of 
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prisms. It is found that, with practice, successive readings of the scales 
' by one obserrer will not differ by,,as much as a millimetre. 

The principal possibilit;' of error lies in the state of the precipitated 
material held in suspension. Wherever possible, the state of the 
suspension,ill the two tubes should bc^ exactly the same, and to this 
end the compared suspensions should, wherever possible, be obtained 
in the same way, and the solutions stirred from time to time. The 
average of many results is within one or two per cent, of the truth, and 
the instrument is capable of detecting one part of silver chloride in 
30,000,000 parts of water. , 

According to P. A. Kobe-.',' the principal source of error in 
nepiielometry is an instrumental one, due to the diaphragms or 
openings at the top of the cye-picCe being too large. As pointed out , 
in connection with colorimetry, the uj^plication of the Weber-Fochner 
law leads to the deduction that nephelometric determinations are 
po.ssible with the greatest accuracy in dilute suspensions, and in 
general the strength of the .suspension should not exceed too mg. 
per litre. Nephelometric determinations are to be preferred to 
colorimetric when 'the suspension is 'only .slightly coloured ; when the 
suspension is highly coloured, a colorimetric determination is to be 
preferred. The varied applications of nephelometry'are detailed by 
Kober, including the determination of emmonia, acetone, fats and 
oils, proteins, calcium, and phosphorus as representative'bf the extrdmely 
large number of possible application.s. 


FKFRACTOMKTRY; THF. MEASUREMENT,, OF , 
REFRACTIVE INDEX - 

The refractive index of a substance is a physical property which 
may be employed for the characteri,''ati(in'and analysis raq,re especially 
of liquids and solution.s. That its ,u.se for this purpose has become very 
general only recently, is mainly due to the fact that the earlier standard 
methods for ly.psuring the refractive index of a liquid were too complex 
for the requirements of the qnalyst.^ It was not until the spectrometer 
and hollow prism were rcpl?,ced yiy the critical ar).gle rcfractometer that 
the accurate measurement yf refractive power could be made with 
reasonable rapidity, and become of prahtical utility in the chemical 
laboratory. , 

When a ray of light is incident at the interface separating two media, 

■ /. Soc. Vhtm. hid., IQSS, ’J], 75. • - ' 

^ C/. ]. C. Philip,yi .Sue. Ch/m. [nd,. 1919, 38,139 T. The same volume of they Soc. Chem, 
Ind. contains a valuajtle series of contributions on “ Rcfractometry and its Applic.rtions In 
TeAnical Analysis,” pp. 139 T-150 T. 

t • 
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it is, in general, transmitted in the second medium in a direction • 
different from that of its path in the first medium. The laws 
relating to this so-called refraction of li^ht were first stated by Snell 
in 1621. He showed that the angle of incidence i is related to 

the ancle of refraction r, by thj; relation -1"- ^ = a constant determined 

by the natures of the media of incidence and refraction. If the second 
medium is the optically denecr medium, the refracted ray approaches 
more nearly to the normal than is the case with the incident ray. 

The value of the ratio is found ti* depend upon the character of 
sirr« . 

the light in the incident ray. If the incident ray is composite, i.e., if 



the incident vatiiation can be resolved into constituents of different 
wave-lengtlis,»thcn different*\fklutfs of r for a constant value of zwill 
be obtained fer each of the^c diffenent* constituent wave-lengtfis. The 
refracted ray fn this case will*be spread out ipto a so-called spectrum, 
and the phenomenon is tefrned dispersion. •* 

In the ca?e of a homogenous incident*ray, the constant ratio 

0 • • • 

is termed the refractive index of mediuiTf,2, with respect to medium i. 
If medium l, is a vacuuifi or air, »t is customliry.to refer to the 

corresponding value of «s the refractive index *of medium 2. 
» sin r • 

It Vi clear tjjat if a ray js incident along DB (se'ij.Fig. 94), corresponding 

to gracing incidence (2 = 90°), the refracted ray in the denser medium 2 

• * . 

is such that, medium i being air, the re’fractive inde* of 

. “ • .sin R •’ • • 
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, medium 2. Furthermore, the refracted ray BC, under these conditions, 
marks the boundary separating th» dark region to the right of BC from 
the bright region to the left, \Vhen the point B is illuminated by rays 
incident at all angles of incidence included between o and 90°. When 
the light is incident in the second or denser medium along CB, no light 
emerges into the upper medium i. A like plienomenon arises if the 
angle of incidence in th'e denser medium 2 is greater than the angle 
R (= N'BC). This phenomenon is known as total reflection, and the 
angle R is known as the critical angle. Where the critical angle R is 
determined between two media, one whose refractive index n is required 
to be measured and the other of refractive index N, it is ca.sy to show 
that J 

" sin R or « = N sin R. 

N " ■! 

This is the ■fundamental relation Pf refractometry employing the 
limiting ray or critical angle. 

The refractometer in which the ffiii^lamental relation « = N sin R 
is most directly eisployed is that of Kans Ilecle.' In this the 
limiting ray is incident at the planc<interface separating the liquid, 
whose refractive index is required, from' a sphere of heavy glass. 
The point of illumination is the centre of the sphere, so that no 
refraction occurs on the ray enieiging Into air, and tHe relation 
« = N sin R is directly employed. It is obvious that the instrument 
can only be employed for substances for which n is not greater than N, 
the maximum value of sin R being i. This rule is of general application 
to the various types of rcfractometers utilising the existence of the 
limiting ray. 

The refractometers most commonly employed in technology 
comprise (l) Pulfrich’s refractometer ; (2) Abbe’s refr.'.ctomoter; (3) the 
Butyro-refractomctCr, and (4) the Dipping refractometer. . 


The Pulfrich Refractometer.- 

Es.sentially this instrument (Fig. 95) consists of a rectangular glass 
prism, mounted so that of the twe faces at right angles to one another, 
one, PQ, is horizontal, the other, OS, vertical. ° T,hc liquid, whose 
refractive index is required, is containe.d in a small glass vessel 
cemented to the horizontal prism face. PQ is illuminated by mono¬ 
chromatic light furnished by a vacuum' tube or a flame containing a 
bead of sodium chloride, etc. The path of the limiting ray is indicated 
by ABCD. In this ta^ « = N sin R where N = refractive index of 

’ /. Soc. Chim . led,, 1909, aS, 773. 

^ See Gi\ild, Proc, Phys, Sof.^ 1918, 30, p. JQ. Noto on the Pulfrich Refractometer, 
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the material of the prism. The, angle of emergence of the ray front 
the prism being z, then . 


sin( 


1 fence 


sin (90 - R) 


cos R 


N. 


anil ,n •--- .^/N- - sin-f. 


The value of N, at the appro]^iate temperature being'determined 
oncii for all (it may b?-, remarked that a seerdar variation of N of 
very small amount is possible), a determination of the value of t, the 



angle of emergence of thctljinidng ray, suffices for the determination 
of the refractive index’of the liquid cnjployed. The instrumcKt enables 
detenninatioss of refractivti, indices to be made with an accuracy of 
one unit in the fourth deaiSial place. * , 

As the refractive indes# of all liquids varies with temperature, the 

general value of the variation ^ n [»r degrej;, being about 0'0OO5, 


it is clear that to enable thapossibilitits of the instrument to be ’satis¬ 
factorily utilised, temperature regulation correct to 0^2° is essential.^ 
It is questionable whether lihis decree of. temperature control is 
usually attained. The general*practice consists in passing a current 
of water t)f regulated tcitiperature through* tfie mounting of the 


^ See Simeon, Proc, Phys. Soi.^ 1918, p. 30—“ The Accuitcy attainable with Critical Angle 
Refractometers.” • - * - - 
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prism, and through a silver vessel lo\vered into the cell containing the 
liquid. 

The appearance of the instriiinent is shywn in Fig. 96. The prism 
mount is shown at L, the liquid under examination being contained 
in the hollow glass cylinder above. The stream of water, at regulated 
temperature, circulates as indicated by t'he arrows, passing into the 
silver vessel S and tjie pfism mounting. Monochromatic illumination 
may be furnished bj'such means as a coloiire'd dame, a mercury arc, 
Geisler tube, etc., any desired wave-length being satisfactorily isolated 



by means of the appropriate screen, of jvliich a large «iiuinDer are 
produced by Messrs Wraften & Wainwrighf. t The auxiliary prism N 
is employed for directing the light from a flame used as source, on to 
the prism of the refractomjteV. • It must be rememberifd that the 
va'lue of the refractife index determined Ts appropriate only to the 
wave 'length of the light employed. The telescope EF is fixed to the 
divided fircle ip and rotates with it. The latter m^iy be clamped in 
any desired position, and a fine.adjustrhcnt of the cross w«re to the 
line of demarcation between lighr and ‘dark effected by means of the 
tangent screw G. llie tangent screw carries a drumhead enabling 
the dispersion of %ny liquid to be accurately determined. • 

"^he refractive index pf solid bodies may be readily determined by 
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means of the Pulfrich’s refractomjeter. For this purpose the hollow , 
glass cylinder is removed, and the .solid brought into optical contact 
with the prism face by interposing a film of suitable liquid of high 
refractive index, such as a-monobromnaphthalcne. The procedure 
is then exactly as already desfribed. The refractive indices of doubly 
refracting crystals in any desired direction relative to the optic axes 
can likewise be readily determined in this manner 


The Abbe Rgfractometer. 


if is readily seen tha^ythe ranga'of refractive indices measurable 
by means of a refractomet^ of the Pulfrich type is restricted by the 
*fact that the poSitidVi of the * 


prism is fixed. An extension* 
of tlie range o£ refractive in¬ 
dices capable of measurement 
is seciired by the use of tha 
Abbe Refractomet«r (P'ig. 9^^. . 
In this, a double prism capable • 
of being rotated abqpt a htfri- 
zontal axis is e^iployed. Thc» 
double prism is composed* of 
two*prisms of 3 ensc flint glass. 
The prisms are mounted,‘in 
hollow metal cjses, through 
which a current *of tempered 
•water is maintained. The in- 
terirfr fai?es of these water 
jackets are gildet^ to prevent 
corrdsion." 

To^deterr^ine the refracti\*e 
index of a ^quid the* double 
prism is opei»cd and a drojl pr 
two of the liquid placed*on 
the ground surface of the lower 



prism. Th6 prisms are then • * ^ t-,,,. .j7. 

brought together ^ntf clamped. , • ^ 

By means of the mirror N > beam of ligTit is caused to illuminate the 
ground surface of the lower of the two prisms. Lr^ht is .sSattered 
in all directions by the various points of tlje ground surface, and 
provided flie refractive indej: 'of the upper prism is greater than 
that of the'liquid being investigated, the rays e'ntering the film at 
grazing incidence will be refrrfbted through the prijm, emerging as 
parallel rays. These rayvs, brought to a, focus by lyeans o'if a 


N 
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.telescope, mark the boundary betw,een light and dark. It can be 
shown that if:— . 

# 

N = Refractive index of the upper glass'prism. 

A = Refracting angle of upper prism. 

n = Angle made by limiting r.ays with tiornial on emergence from prism, 
then «, the'refractive inde»; of the liquid = N sin |a - sin''(^?!^^j. 

Either monochromatic or non-rmonochfomatic light may be used. 
The employment of white light i.s made possible by the useof a compen¬ 
sator whereby the effects of the .dispersion dqi to the liquid and prism 
are neutralised. The compensatr'ir consists’of two direct-vision Amici 
prisms rotated by means of the milled nut M, i^i opposite directions. 
A colourless border-line separating the dark and bright fields is thus 
obtained, and the double prism is turned by the arm J so that this 
line .of separation, sharply focussed, is made to coincide with the cross 
wire of the telescope. The refractive index of the liquid can then, 
if necessary, be calculated by means'ot’the above formula, but in the 
instrument the refractive index is dirfccdy read off on a divided scale 
rigidly attached to the arm carrying'the, double prism. This scale 
moves with the arm past a vernier .scale^an'd the appropriate refractive 
index is found against the zero of the scale, 

A measurement of the dispersion' of the liquid can 'jc obtained by 
reading the drum of the com’pensator when colour compensation at 
the border-line is secured, reference being then made to tables supplied 
with the instrument. 

The Abbe instrument has a scale of refractive indices extending 
from l-jooo to 17000 and the accuracy of reading is o-oooj. A test 
piece of glass of known refractive index serves to check the scale of 
the instrument from time to tima The instrument i.s largely employed 
in the examination of liqukLs such as aniline, milk, sera etc,, and can be 
readily employed for the examination of oils and fats, '’’he butyro- 
refractometer, however, has largely displaced the Abbe instrument 
for the examination of these latter materihk 

The Butyro-Refractometer, 

This instrument (Fig. 98) I'esembles ihe Abbe in some respects. 
The two prisms, as in the latter instrument, are rpounted in double- 
walled water jackets, and the _ upper ^rism A is rigidlv attached 
to the telescope K. , The prism A abo is constructed so that 
an achromatic line of separation is obtamed in the eye-piece of the 
telescope when pure butter is used between the two prisms, white 
ligjit being employed fo'" illumination. The scale of the instrument 
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is fixed in the focal plane of tl^e objective, and reads from — 5 to . 
+ lOJ corresponding with refractive indices for sodium light from 
1-42 to 1-49. The position^ of the botder line with respect to the 
scale is read in some instruments on a micrometer screw, and 
the corresponding refractive, index obtained by reference to the 
table. Elimination of colbur at the border-line being only 
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possible in the case of pifre butter fat^ the border-line, as usually 
obtained, is*coloured^ A blue fringe incijcates a fat of higher, and 
a red fringe a fat of lower, dispersive power thali Rure butter. ^The 
temperature ysually employed is 4 {> • If not* ta^en at 40 , the 
readings are usual^ corrected for temperature by adding 0 55 division 
to the reading for every degree a^iove 40°.^ The scale of the 
inst/ument can be adjusted by* rneane of a hey,^ and is checked by 
ascertaining the refractive ‘index of the standard liquid supplied 
with the instfument, at a -serils of temperr^tures. The divisions^ of 
> Cf./. Amtr. Chem, X'oi:., I9»4,.26, 1193 J Amtyst, 1907, 32. 44.* 




196 ~ PHYSICAL MEASUREMENTS. IN TECHNICAL ANALYSIS 


, the scale of the instrument correspond to the following refractive 
indices;— , 


Divisions on Scaln. 

Kofriyitive Jntbx. Dlfl'minoo. 

< 0 

1.4220 

[ 0.0080 

• 10 

1.4300 

f 0.0077 


20 

‘ i- 4377 | 

0.0075 

i. 44 S 2 | 

0.0072 

i- 4524 | 

[ o.oo6q 

M.W 3 

. 1 0.0066 


30 * 


40 

50 

60 

1-4659' * " 

\ 0.0064 

. 70 

i .'4723 l 

. 1 0.0060 

So 

’■4783^ 

1. 0.0057 

1.4840' r 

1 , 0,005s 

1.4895^ 

9 ° 

100 


The instrument enables rcfrtictive isdices to be detbrrnined correct 
to o oooi. ' . , ' 

The Dipping or ImmersionvRefractometer. 

In this type of refractometer, a prism is moun'..cd at the lower 
end of a viewing telescope, the prism itself being immersed ip the 
liquid whose refractive index is required (Fig. 99). White .light 
reflected from a mirror suitably placed falls at grq,zing incidence on 
the brightly polished face of tlje prism when immersed in the liquid, 
and in accordanc 5 with the principles enunciated ,abpye', the field 
of vision is divided by a boundary of Isipara^ion between light and 
dark portions, such boundary being determined by the»paths of the 

limiting rays in the pj;ism, which are* ultimately fodussed in the 

focal plane of'fhe eye-piece of the telescope'. A pair of direct vision 
prisms is provided between ,the prism and the telescope objective. 
The prisms can be rotated t!y means,.of a .milled nut, whereby 
colofation of tho boundary .line is compensated. 'The scale of the 

refractometer is situated at the focal plane of the ey/i-piece and is 

graduated from — 5 to +105. The boundary linci is sharper than in 
the Abbe instrument, amd this tenders possible the use of ;a telescope 
of higher magnifying, 'power than thfi^ ordiparily employed with 
the Abbe type of instrument. The position of the boundary line 
is yead to i/ioth of a. division by meahs of a micrometer screw. 
Ini the original form of dipping refractomftpr, the prism was cemented 
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into the telescope body, and lihis introduced many difficulties of* 
operation. The range of refractivt indices to which the instrument 
was applicable was also an c*:tremely restricted one (l-32£3g to 1-36640 
for sodium light). The Abbe instrument possesses a range 1-3000 
to 1-7000 for sodium light. ‘The accuracy possible with "the dipping 
refractometer is, however, 000003 compared with 0000L with the 
Abbe instrument. The_ range of the dipping instrument has been 
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extended to a refractive, index 1-55 for sodium light by Messrs 
Bellingham* and Stanley, by the prdvfsion of a scries of prisms 
of suitable refracti\fe indices, such* pfisms being easily affixed to 
the telescope body as required, and ttiglitness b^ing assured by the 
provision of d washer of rubber or lead, etc. It is interesting* to note 
that the rcfracti^^e index of*ordina^ watcr_ varies slightly with its 
content of dissolved substatjeas. Tlius tha' value of « for town 
water is greater by 6oooc*j, and for pure crfstilled water saturated 
with c^arbon rflioxide at atmospheric pressure, less by 0-00003 than 
the value of n for distillq^ water; such variations are Just wfthin 
the possibilities of measurement* oT the instrument. * 
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The temperature of liquids examined is generally regulated to 
I7'S° by immersion of the beaker containing the liquid in some form 
of bath controlled by a thermostat, time being given for the prism 
to attain the same temperature after immersion in the liquid. From 
the above considerations it is clear that in order that the possibilities 
of the instrument may be practically realised, temperature regulation 
constant to 1/50° is,essential. 

The dipping rcFactometcr can be readily adapted for the measure¬ 
ment of the refractive indices of liquids obtainable only in small 
quantities. For this purpose the Instrument can be easily converted 
into a modified type of Abbe instrument, a few drops of the liquid 
being applied to the face of an auxiliary p'lsm which is then attached 
to the polished face of .he refractometcr prism, a film of the liquid 
interposing between the two prisms. The instrument can also be 
made “continuously reading” oy th^ provision of a suitable vessel 
in which the prism is immersed, and through which rhe liquid flows. 


The Interference Refractometer. 


According to the wave theory of light, a ray of light is propagated 
through a medium termed the ether in the form of waves. The 
motion of the ether particles constituting the wave is transverse 
to the direction of propagation of the wave, this la't requirement 
being introduced from a consideration of the phenomena of polarisation. 
Different colours, as developed in the spdetrum, are characterised by 
differences in the nature of the waves by which they are propagated 
in the ether, the characteristics of a wave being its wave length, period 
and amplitude. The velocity of propagation of a disturbance in a 
medium is related to the wave length X of the disturbance, and the 


periodic time T of the same, by the relation v = -y. Now if* two 


trains of waves of identically the same t 4 T.tracteristics ar.e,con£i'dered, 
emanatifig from two sources clo.se to one another, it ns clear that 
conditions can be adjusted so that at certain points a vrough of the 
one wave train is superposed upon a crest due to the other train. 
Consideration of the case of waves propagated on water, lead 
immediately to the conclusion .that under these circumstances any 
effect due to the one train of.-waves is annulled by -the effect due to 
the other. In like manner points can be chosen in which crest is 
superposed upon crest, the result being an augmentation of the 
effect due to the single, wave train at that point. Briefly,, this is the 
basis of the doctrine of interference. In the case of light, the corre¬ 
spondence of the crest of the one train of waves with a.trough due to 
the. other, is marked by darkness, whereas where cre^t corresponds 
with crest or trough with trough, or put more generally, at any points 
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where the wave trains are superposed in the same phase, there is an, 
augmentation of the effect due to £ach train, the augmentation being 
a maximum at the crest or though of the system. One other theoretical 
point requires attention. A crucial experiment carried out by Fizeau 
showed that the relative refractive index of'two media»was equal to 
the ratio of the velocities of light in the media. It is clear, therefore, 
that if two trains of light waves with the saiAe characteristics, emitted 
from the same source, pursue separate paths, a part of one path being 
constituted of a medium having a different refractive indpx from the 
uniform medium constituting the*other path, then if later the two 
wave trains are superposed, the wayb trains will no longer be in step. 



Kill. 100. 

or " in’pfiasc,” at all points on being superposed. This is the basis of 
the construction, of numerous forms of interferometers. Of these, 
however,*itjs certain that few, if any, have up to«the present satisfied 
the cjiactini} demands of •cchnological practice. A modified type of 
the Rayleigh interferometer' whic|i has been devised for the determina¬ 
tion of the refractive index fjf gases is of interest. In this instrument 
a very fine slit is illuminated by a bright source of white light. The 
light is collimated by a Icrts suitably placed in the collimating tube to 
which the slit is lUtached. The ^eanp of collimated light is then 
divided into two, the separate beamse^ pursuing (parallel paths, each 
through a cojumn of gas tif any de^red nature.* Emeiging from the 
columns of gas, Ijic separate beams each traver.se ontpof tvvo*fine slits, 
and the yansmitted beams ^re sup^posed by a lens, being brought to 
a focus by means of the lena *A system of hijerfcrence fringes results 
from Jhe" superposition o^ the beams, a dffference of phase being 
introduced at some points by the beams heaving been propagated in 
■ ColticUd Works, Vol, IV., Pl>. ^I8, 36^ Soc. /V»., l8ijG, 59, 198 ;,l89S, 64, tg. 
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imedia of different refractive index. Another set of fringes which may 
be termed the reference fringes is ‘produced by the beams which pass 
over the tops of the tubes containing ga,=, and separately illuminate 
the fine slits mentioned. These two slits so illuminated form two 
sources emitting vibrations in the sarn.e phase, and the reference 
interference fringes arise from these sliti being situated at different 
distances from any givcn*point. The two sets of fringes so obtained 
are viewed by mearts of a cylindrical eye-piece—linear magnification 
alone being required—and by adjusting the pressure of the gas in one 
or other of the tubes, the bands Are arranged so that the one set 
appears as the continuation of rthe other. ' This is achieved by 



Flu. 101 


identifying the central band of the system, this alone being'free fiom 
colour, and arranging that the white band in each system is a continua¬ 
tion of the similar b-’nd in the other .system. By varying the pressure 
of the gas in one of the tubes this adjustmorV i-S made, arid the refractive 
index of the gas relative to that qf the other is then determined. The 

necessary calculation is based upon the fart that for a "gas ” ' or 

(«- l) P is a constant, where P is the pressure, n the refractive index, 
and f) the density of the gas.^ if 4 he suffixes a and b refer to the two 
gases, when the adjustment is made as above, it follow,s that 

' >h - I P«' 

^ 1/ o ^ 

A type of interferometer suitable for technological work is illustrated 
in Fig. too, p. 199.^ Its general principle'corresponds with what has been 
said above. The tubes may be used to contain either liquids or, gases, 
and {nay be of leRgth va|;ying from 0-5 to 10 cm., and the accuracy in 

• ' Wade by Messrs Adam Ililjjcr, I iirlted, Camden Road, London. 



TEMPERATURE CONTROL 201 

• • 

the measurement of refractivities varies accordingly from 00006 to, 
■0000003. The two sets of intci;ference fringes are brought into 
adjustment by altering th^ inclination of one of two glass plates 
interposed in the paths of the interfering beams. Tfiis change of 
inclination is measured by th^ rotation of a micrometer sarew working 
at the end of the lever. Thetprinciple of auto-collimation is employed, 
the interference beams traversing the column.'^ of liquid or gas once in 
each direction. Undue length of 
instrument is thus avoided. A 
small electric lamp forming an « 
integral part of the instilment is 
used as the source of lighy 
* Thornoe’s RefracAometer like-' 
wise utilises the principle • flf 
intel'fcrencc, and is especially/ 
useful in the analysis of beer.* 

It is ijlustrated in Fig. loi. . , 

Temperature Controh • 

Some form •f ternperature con¬ 
trol is in general necessary when 
usiillg any fofln of rcfractometer 
in technical practice. In Fjg. 102 
is illustrated a simple thermostatic 
device due to 'i'ftorpe,'^ whereby a 
supply of tempered water at any 
predetetminecl temperature may 
be readily obtained and circulated 
in asy desired part of the refracto- 
metric applWnct. The ves^-] con¬ 
sists c.sscntlally of a vessel for gen¬ 
erating stcaiij or other appropriate Tjapour, containing a coil through 
which a current of vvatcr,(fcws and is hcatcd'before it passes through 
the rcfractometer or otherdnstrument, the position of “Which is shown 
at Z, by w^ich the observations at ?r ^iven constant temperature 
are to be made. Tfie rate? of flow of* waiter is regulated by the screW 
clamp H. E is an arrangement for •mlintaining; a* constant head of 
water at the’point of entrance to tfic coil. The apparatus <s very 
■ eadily brought iilto action, and under ordinary worthing conditions 
it is casilj' possible to secure a steady curraait of water not varying 
moVe thai><0’i ’ or so iit tcmffcrature throughouf*the day. 

• ^ • 

* Cf. Pope and Ling, J. Soc. Chem. Ind.^ igoi, 20, 73if; also Z. Brauw.^ iSQf, 20, 
373, 3^t7* • a “ y. .S’tJc., 1904,85, 257. • 
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POLAKIMETRY—THE MEASUREMENT OF OPTICAL 
POTATORY POWER 

It is usual to specify the magnitude of the optical activity of 
a substance by what is termed the Specific Rotation. This varies 
with the wave length of the light employed, and is greater for light 
of short wave-length than for li|jht of longer wave-length. It is 
the common practice to express specific rAtation in terms of the 
D lines of the sodium spectruni, and so expressed, specific rotation 
is designated by the abbreviation [«]„. Inn:hc case of a pure substaneq 
the specific rotation is equal to th(j, rotation produced by a length 
of I decimetre of the pure .substance clivided by the density. In the 
case of an active substance dissolved an inactive solvent, the specific 
rotation is equal to the rotation produced by a' decimetre of the 
solution divided by the weight of'thb active substance contained 
in I c.c. of the solution. Thus if «*if'thc rotation produced with 
sodium light by a length / of the .solStion expressed in decimetres, d 
the density of the solution, and / the percentage'concentration of the 
active substance, then ;— a 


It may be remarked that the specific rotation of a solution of an 
active substance depends not only upon the wave lehgth of the light 
used, but also upon the concentration and temperature of the solution 
and the nature of the inactive solvent. < .. 

Light Sources. —Until recently the sodium lines were invariably 
used in technical .nolarimctry, and for many years any sodium source 
was considered suitable. Later the Ijgjit filters o'f Lippich^ and 
Landolt.were introduced.- Subsequently, speclvum filtratidn was used. 
According to the Bureau of Standards,^ the be.st results are obtained 
by feeding some form of'fuscd sodium carbbitate into an oxy-hydrogen 
flame. It is pointed out that noticeabla variations in polari.scopic 
measurements are likely to be observed with sodium sources at oifferent 
intensities. The gveen line,.of incandescent rnercury, X = 54GiA, is 
being more and more used for accurate polariscopic work. It is 
easily obtained by the use of a quartz mercury vapour lamp, combined 
with a prism of low dispersion. Low.yt suggests the following as 
suitable sources of light:—Lithium, ' 57 ,p 8 red; cadmium,'6438 red; 
sodium, 5893 yello'w; mercury, 5461 gr'een ; cadmium, 3086 green; 

s> 

^ ^ Z. Inslrume \ iUnk .^ 189^, 12, 340. - Ber .^ 1894, 27, 2872. 

^ ^ Ctrcjflar No. 44, 1918,ip. 15. ^ ^ Phil, Mag.^ 1909 [vi.], 18, 320. 
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cadmium, 4800 blue; mercury, ^359 violet. The cadmiUm lines, h^, 
suggests, should be obtained from,a rotating arc, using as electrodes 
an alloy of 28 per cent, cadf^ium, and 7« per cent, silver. For ordinary 
technological purposes a sufficiently intense .sodium *flame can be 
obtained by immersing a Iqigth of about tlfree inches of thin .sheet 
asbestos in a concentrated iolution of common salt, drying, and then 
wrapping round the tube of an ordinary Hmiscn^burner, the asbestos 
forming a prolongation 6f the tube. The gas is lit at the asbesto.s. 

• Fundamental Principi.es of Polarimetry 

The simplest’ mcthod\of determining the plane of polarisation 
of a beam of plalie-^olarised light, is to pas.? the plane-polarised beam 
through a Nicol prism. Whrfn'thc Nicol prism is so orientated that 
its principal section is at right angles to the plane of polarisation 
of the light, no light passes through the prism, and complete darkness 
results. It is obvious that^ this principle can be applied to the 
construction of aa instrura^nt, for the determination of the rotation 
of the plane of polarisation bytpassage of a beam through an optically 
active substance. ,I 3 iot, j 1 i 1840, introduced the first polarimeter 
embodying.this principle. I# was sobn found, however, that in actual 
prtictice sUch^ a system, while ideally simple, was very insensitive, 
the field of view appearing dark whila the Nicol was rotated through 
quite an appreciable angla* The sensitiveness and accuracy of setting 
is very considerably increased in the modern polarimeter by utilising 
an auxiliary piece of apparatus, whereby the field of view is divided 
’into two parts, and the light in these is polarised in planes inclined 
at 3 ,’snTafl angle to one another. It is obvious that when the analysing 
Nicol is turned so that its principal section is at right angles to the 
plane of’polarisation in the one half of the field, that half will appear 
black, Whgn turned so that the principal section is at right angles 
to the plan? of polarisation in t^ie i>tlier half of the field,'///«/ half 
appears blaaii. If now thJsNicol is turned .so that its principal section 
is equally inclined to tht respective planes of polarisation in the two 
halves of the field, the \v 3 iole field will^ appear uniformly bright. It 
is obvious that the actual accuracy of setting should be proportional to 
the angle between the respective planas of polarisajtion, since rotation 
of the analysing Nicol through th^ angle changes the appearance 
of the field of vision from darkness in one half to .darknei^ in the 
other. Vyith a very small angle, howpver, the .setting to equal illumina¬ 
tion is a matter of difficulty), oVing to the sifi^ll amount of light from 
a givgji'lource then transmitted into either half of the field. On 
this account* it is desirable t6 be able to adjust tlje sensitiveness of 
the instrument to the intensity of the S04rce of light employe^l, as 
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tit is obvious that with a feebler source of light a larger angle between 
the respective planes of polarisation in the two halves of the field 
must be employed. Devices' whereby j;he light in the respective 
halves of the field is polarised in planes inclined at a small angle 
to one another will be 'referred to in the description of the various 
instruments. ' 

Quartz Compet}sati6n.—More particularly in polarimeters used 
in the determination of sugar, and hence termed saccharimeters, 
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instead of actually measuring the angle of rotation of the plane of 
polarisation, this rotation is compensated by means of a counter 
rotation produced by a thickne.ss, which’ can be conveniently varied, of 
some optically active material, more particularly cjuartz- Soleil found 
that the rotatory dispersion produced by solid rock crystal (quartz) 
and solutions of sucrose for various wave lengths wcic practioi^lly 
identical, and he introduced the system of quartz compensation into 
saccharimetry, which makes it possible to employ white light, the 
rotatory dispersion and consequent colour effect duo. to the solution 
of sucrose being negatived by the counter dispersion due to the quartz. 
The principle of quartz compensation will be readily understood from 
Fig. 103. The figure illustrates the single-wedge -.system of com- 
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pensation. A is ? pfatc of dc-xtro-rotatory quartz and is stationary. 
C is a wedge of laivo-rotatory quartz a.id is likewise stationary. 
The weflge B of l;evo-rotatory quartz can be moved laterally. In 
the position shown, the .respective rotations impressed upon a beam 
of plane polarised light by the right- dnd left-handed quartz systems 
are equal, as the beam traverses equal thicknesses of the fVi'o kinds 
of quartz. This position is the zero position. The rotation produced 
by n dextro-rotatory sugar or other solution can evidently be com- 
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pensated by moving B to the right, when the beam traverses a greater^ 
thickness of Isevo-rotatory quartz, than of dextro-rotatory quartz. 
The system as figured is ^mployed oaly to compensate for dextro¬ 
rotation. Laevo-rotation may be compensated by a similar arrangement 
in which dextro- and laevojrotatory quartz ‘are intercKanged. The 
double-wedge system illustrated in Fig. 104 affords compensation 
for either dextro- or la;vo-rotation. The wedges A and D of opposite 
rotation are fixed, while? B, and C similarly of opposite rotation are 
movable, so that any equivalent thickness of la;vo- or dextro-rotatory 
quartz may be interpose^ in the pa*h of the beam. 

The application of the principles’enunciated above will be shown 
by the consideration of a number of typical polarimeters. 

• • • 

. • 

The Duboscq Hajf-Shadow Polarimeter. 

• 

This instrumefit is illustrated in Fig. 105. The light from a soclium 
(lament L passes through a gla.sst:ell B containing a solution of potassium 
bichromate, which'serves tftvicfijrive the light of.blue and violet rays 
derived from the Bunsen flame. The rays are collimated by means 
of tjje lens C ^nd fell upon a Jellett-Cornu prism P which is virtually 
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an •artificially twinned crystal of ISeland spar. Jt is produced by 
dividing afl’ortlinary NiccJ.into halves along its whole length corre- 
sponcTing to the plant of the shortest diagonal. A small .wedge of 

angle - is grSund from the jifrface of both halvps which are then re-united 

2 * , 

by means of Canada balsam. The transmitted beam' of light consists 
of two portions of equal intensity pofansed in planes inclined at an 
angle a to one anotfter. T is the tube, containing the optically active 
liquid. A is the analysing Nicol, and O and E together form a’small 
Galilean telescope focussed on P. Vhe analyser A* is carritd by a 
vernier VV mo\nng over a* fixed divided circle. (3ne arm of the 
vernier reads directly degre^.s.of rotation, the other, divisions of an 
arbitrary^cale of which lot) divisions reprcselit the rotation produced 
by I mm. of quartz. • 
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Laurent’s Sacfcharimeter. 

This instrument again is of the half-shadow type, and is shown in 
section in Fig. io6. G is a lens used to concentrate the light from 
the sodium fiame L on fne aperture D, whence the light pa.sses to the 
collimating lens C. Q is a half-wave plate of quartz cut parallel to 
the axis and cover.s one'half the field of view of the instrument. It 
is of such thickness that it introduces a relative retardation of half 
a wave length of sodium light in the portion of the beam transmitted 
through it compared with that transmitted through the other half 
of the field. The result is that the beams occupying the respective 
halves of the field, although initially polarised in the same plane, 
are polarised, after transmission past or through Q, as the case may be, 
in planes inclined at an angle to one another. This angle is equal 
to twice the angle between the optic axis of the qua'^tz crystal and 
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the original plane of polarisation of the beam. By means of a lever 
attached to P, this angle can be varied at will. When the angle is 
small the sensitiveness is great, but illumination of t'pe field is weak. 
In any case, the maximum accuracy is obtained by employing an 
intense source of light at L, and the smallest half-shadow angle 
consistent with a distinctly visible field. The quartz plate V and 
wedges W are employed as quartz compensators in the manner 
already explained. The movable wedge carries a vernier by which 
the amount of movement of the wedge necessary to restore uniform 
illumination of the two halves of the field on insertion of the optically 
active liquid in the tube T is read. The analyser A is mounted so as 
to be capable of a slight rotation, so that when the scale of the com¬ 
pensator is set at zero, A is rotated to the position such that the two 
hajves of the field appear equally i'luminated. 

I .t 

‘ • ‘ ) 

„ Soleil’s Saccharimeter. 


This instrument is shown in Fig. 107. The parts, L, C, T, V, W, 0 , E, 
serve the same purpose as in Lanrent’s' Saccharimcter. The polariser 
and analyser P and A'are' double image prisfns of Iceland spar a^hroma- 
tised by means of glass prisms. Q iS what is termed' a bi-quartz, 
and consists of two plates of quartz, one .dextro-rotatory, the other 
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laeVo-rotatory. They are cemented together so that each covers one^ 
half of the field of view. They are pf such thickness that each rotates 
the mean yellow rays of th^ spectrum .through 90°, so that when the 
principal sections of P and are parallel, these rays ar6 cut out, and 
the residual rays and blue r^s form what is •termed the; sensitive or 
transition tint, which is complementary to the jaune moyen of Biot. 
The analyser is turned so that, using white* light, the same tint of 
colour appears in each half, of the field. With the slightest rotation 
of the analyser from this position, one half of the field appears red, 
the other blue. White Jight musUbe used with the instrument, and 
the Sensitive tint can oi 4 y be obtaijitd with such light. In default 
of being able to flse white light, or when the optically active liquid is 
‘appreciably coloufed,*rccourse is had to the tisc of the quartz plate D 
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and the NiqollV. Rotatory (Jispcrsidli of the light is produced in D 
and^the orientation of N iJ adjured‘so that the red and yellow rays 
are diminished in intensity, thereby restoring the sensitive tint. The 
Nicol N is protected frgma dust by the glass plate B. Soleil’s 
instrument, it m^y be pointed out, is only suited for the examination 
of liquids such as solutions of sugar in which the rotatory dispersion, 
'as has already been remarked, is the same as in quartz. Moreover, 
the rotation is measured for the mean yellow rays of wave length 
0-00055 nim., whereas that of sodium light is about 0-00059 nim. 
The’ rotati(jn ^measured with the ‘Soleil instriwnont is generally 
desigijated [(i]^ The Solcrt instrument cannot be used by the colour 
blind, and the instrument is falliijg yito disuse, in sugar technology, 
owing to the? impossibilit)7 nf employing the instrument with coloured 
solutions. * 


The Schmidt and Haensdh Polajimeter. 

The Schmidt and Haensch Polarfscope is shown in Fig. 108, ?vhich 
also represents the general appearance of a polariineter or Sacchari- 
meter. the original forrr^ of pol|rimetcrs, the half-shadow device 
ernployed consisted of a Jq-llet-Corau prism,^details of which have 
been g,lj^ady given. In tfle later forms, the’ LfjDpich prism is more 
generally ehlployed for -this* purpose. Otherwise the instrument 
introduces no new principle and is noteworthy principally on aciount 
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chanical refinement'.^. TheiLippith..polarising sy.stem is accurate, 
emu ean be used with any kind of monochromatic light, aiidi.may be 
of the double or triple field type, and in the opinion of sorhe, constitutes 
the only satisfactory method of obtaining a*variable half-shadow angle. 
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The arrangement is shown in Fig. 109. The polariser is shown at , 
P. B and C are two small prisms* e^ch of the same depth, but about 
half the width of the polariser. The srrvill prisms are Lippich Nicols, 
while as polariser either a Cjppich or Gian Thompson Nicol is used. 
These are slight modifications of the original type of I^icol prism. 
The small prisms have an angle of 93° at D and E, and about 87° at L 
and M, and the faces LD and ME are inclinad at a small angle to the 
axis of the instrument, the qdges D and E being parallel or nearly so. 


c 



^ JIB. 


The eye-piece is,focussed on these edge's, and the field is .seen divided 
by faint lines intoi three part.s, F, G, rfnd II (see figure), or two iT D 
and E.are in contact. If tha^.sy.stcm is viewed through an analyser 
whose principal settion is .;^t sight angles to thjit of P, G appears 
relatively darker than F and H.« When the analyser is turned so that 
its principal section js perpCndicular to those of B and C, G appears 
relatively brighter than P' and‘H. The adjustment is therefore made 
by oscillatirig^the analyser* betweert the.se two positions, gradually 
decreasing the angle of oscillation until equality of the three fields 
I"', G, and H is secured. . .* 

• 

Determination of Optical Rotatory Power. 

Pxvorting to the figure of the Schmidt and Haensch instrument 
(Fig. 108), the following description will indicate the general method 
of determjning the optical rotatory "power of aru^ liquid with the 
appropriate’fypt of polarin^tcr. F is the telescope, /, I, lenses for 
reading the*vcrnicrs mSving over the sliding scale K of the instrument. 
The analysing Nicol is at,Nr aifd .moves with the telescope and 
revolving graduated dial<( represents the Inovable jjolariscr, with 
the graduated segment of » circle fixed to it. B contains bichromate 
solution. sodium flame is cmplayc’d *with the instrument. The 
graduated dial is m^de to "revolve by njeans of tbt by hand, or by \ 
micrometer screw in, after.the screw* hSad k ha^ been fixed. The 
dial is, as a rule, graduated all the w*ay round. In addition t* whole 
degrees, half and* quarter degrees are indicated on *the dial. By 
means of ^ vernier the scale^ ig read* to o oi,°. If desired, a second 
scatfe gr^^ated to re;(d dirjjctly sugar perccnttigcs is provided. The 
instrument b^ng directed .towards the brightest part of the sodium 
flame, the zero position is Jound by focussing the telescope on 'the 

'o' 
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, Lippich polariser, so that the field presents a perfectly clear round 
circle divided into two equal parts 'by a sharply-defined vertical line. 
If the graduated dial is turned through three or four degrees to the 
right or left, one half of the field becomes brighter, the other darker 
The zero position is adjusted so that the zero line of the circle 
coincides with the zero of the vernier. The sensitiveness of the 
instrument is adjustableiy means of k. When h is in its zero position, 
and at the same time the analyser A is .placed in the zero position, 
both halves of the field appear black. The instrument is the more 
sensitive the more nearly h is rdjusted to the zero position. As 
already explained, however, the minimum of light is available in such 
a position, and in general the position of the pointer at 7|° is most 
suitable particularly when the solutions are nDt quite transparent 
When the pointer is moved, the zero point of the instrument changes 
and no longer corresponds with tjie zero line of the dial. The 
difference between the latter and the zero position must either be 
taken into account (the simpler way) or else, after the graduated dial 
has been moved to zero, the apparatus must be again placed in the 
zero position. To do this the analysing Nicol is turned by means ol 
a screw until the half shadows present the same appearance. 

Special attention must be paid to the following point, which il 
not noted may lead to considerable confusion. When the circle has 
been turned too far, and has gone beyond the sensitive range or the 
apparatus, the light, on comparison, appears of the same intensity or 
either side of the dividing line, and the point may be mistaken for 
the zero position. Under these circumstances the circle may be 
turned through to, 15, or 20° or so with hardly any change iii the 
appearance of the respective halves of the field. It is particularlj 
necessary, therefore, to see that in determining the Zero position anc 
subsequent reading with the active substance that the transition frorr 
light to shade and vice versa occurs abrupt’y on rotating the dial. 

To determine the rotation produced by the optically active solution 
the sample is placed in the tube and the circle turned jintil the twe 
halves of the fjpld preserft the same appeariir.ee. The rotation is ther 
read off from the graduated dial. In ar. instrument provided witl 
quartz compensation, the equivalent rotation is read by adjusting th( 
quartz compensation (-device so that equality of tne two halves of the 
field is secured as jilready explained, and the reading indicated bj 
the scale attached to the device taken. 

Numerous mechanical and optical improvements have been intro 
duced by makers of polarimetefs in recent years. Thus bellinghan 
and Stanley secure'greater illumination of the’scale by CG.?^tructm{ 
this so that it faces the source of light. The polariser-and analyse! 
mortover, are optically .stable. They employ quartz wedges onl; 
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20 mm. long, whereby the selectio^n of better optical specimens becomes 
possible. Accuracy of reading istsecured by means of a vernier of 
special design. \ • ^ 

Polarimeter Tubes.— The liquid to be examined for optical 
rotatory power is contained in a tube of the‘form show* in Fig. no. 
It will be noticed that one end is considerably wider than the other. 
With a tube of this form, any air bubbles tn tly; liquid collect at a 

a • 

• 0 Fio< 110. 0 

and are thus outside the field of vision. The tube i.s provided with 
ground ends Wliich fit against plane .glass plate.s. The’ glass tube is 
fixed into metal end pieces provided with screw caps and india-rubber 
washers by which the plate.s- of glass can be screwed down firmly 
against the respoclive ends *of*the glass tubes. ‘Care must be taken 
that the pressure so introduced docs not render the gla.ss plates 
doubly refracting. *Thc ab^nce of, double refraction is tested by 
placing thc_tubes in position when ejwpty with the ends screwed tight, 
Thjp-tubes fSe generally some‘multiple of lO cm. in length, the 



appropriate value being rfiarked on the/n. Their exact length can 
be ascertained if desired means o/ a .<iuitable gauge. The employ¬ 
ment of tubes of different lengths enajjles on^ to, decide upon the 
actual rotation, when the •direction ff rotation is unknown or ’when 
the rotation is considerable. In Fig. in is shovvp in section a 
water jacjteted tube, wherelty the JemperaUire of the liquid may 
be^ effectively controljed. Tht active liquid .is introduced by way 
of the Tdhnel-shaped projection which also serves for the insertion 
of a thermo'metcr T as-shoVn. Care nc^st be. taken that. the 
thermometer does not project jnto the tube so as to obscure .the 
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f.eld of vision. Tempered water derjved from a device such as that 
shown in Fig. 102 is circulated through the jacket. 

Special types of polarimctev tubes have been designed by Bates, 
Landolt, Pellet, Yoder, and Wiley. For particulars of these see 
Circular 44, Bureau of Slandards, Washington, 1918. 

Control, Tube for checking the Scale of the Saccharimeter.— 
For purposes of checking the scale of a saccharimeter a tele.scopic 
form of control tube whose length c,an be adjusted either from 0 to 
210 mm. or from 210 to 420 mm. is commonly employed. This tube, 
due to Landolt, as manufactured h'y Schmidt and Haensch, is shown 
in F’ig. 112. The tube is employed in the'following manner;—A 
sugar solution is prepared of such strength that it' gives a reading 
of 100 divi.sions at a length of about 400 mm. Tire tube is filled by 
removing the funnel which serves to receive the overflow of solution 
as the tube is shortened, and closing the opening by means of a plug. 



The tube is drawn out to its full extent, and after removing oiie’ of 
the caps, filled in the usual way. The scale readings corresponding 
to various lengths of tube are then ascertained in the usual manner 
and compared with the calculated values. Further particulars will be 
found in 77 te Optical Rotatory Power of Organic Substances by Landolt, 

1902, p. 441. - V 

In verifying a saccharimeter by means of sucro.se solutions, it is 
important to bear in mind the variation of the .specific, rotatory 
power of the sugar with concentration. The table ca'rculated by 
Browne Fom the experiments of Schmidt and erf Landolt is useful in 
this connection.' > 

Details of the various .saccharimeter .scales employed in practice 
are given in the'Section on Sugar (Vol. VI.)i 

Effect of Temperature.—For the ordinary polarimete;- employed 
fo'r measuring absolute rotations, no temperature correction other than 
that hecessary to allow for atiy sero-shift that may occur is necessary. 
In instr..ments employing a quartz wedge for neutralising the rotation 
of the substance, a temperature correction is unavoidible. Schonrock^ 
has pointed out that the necessary correction is made u [5 of three 
parts: (l) a correction due to change in shape of the quarts, wedges; 

(2) that due to a change in the specific rotation of. quartz with 
» ' 1 - 

^ Handbook of Sugar Analysis^ l )12, p. 118 . S?. Ver. deul. Zuckennd.^ 54, 521 . 
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temperature; and (3) the change due to the expansion or contraction 
of the material of the scale. * . 

It can be shown ^ that for quart! - compensating saccharimeters 
having a scale engraved nickclinc, that the scale ‘reading S, and 
i° is related to the required jeale reading at 30 ° by the equation :— 

S.,|, ^ I +o,oooi48(/~ 20 )}. 

When the scale is* etched on the quartz \Jcdgc the correction 
coefficient is 000013. * 

The influence of temperature, on the specific rotatio'n of sucrose 
haS been studied by immerous invontigator.s, Schonrock gives:— 

’Hi. " Hu - Hu 

* ' • • 

He also found for the normqiU sugar solutions that the temperature 
coefficient was independent of Ijie wave length of the light employed, 
but that it decS-cased with increase in. temperature, thus":— 


TeiJipcraluiu, 


to" , *■ * . 

. 0-000242 

* 20 ' ' * . 

. 0-0001^ 

30 . 0 . 

0*000[2I 


In tilic ordinal^ testing of sucrose, the solution is made up to volume 
and read .at the same tempcratgit, which, in general, is not the 
stinrtardi.sarton temperature. It is desirable, therefore, to know the 
variation in the saccharitpeter reading of an approximately normal 
sucrose solution per 1°. ' The results obtained by different observers 
are as follows 


Andrews'.^ .... O'Ojoo 

U..S. Co.ist .rnd C'.cotletic Survey . 0-0293 

• Wiley-' .... 0-0314 

•Pi insen Geerlius' - , . . 0-0300 

,, , Walts & Tempany . (JB310 

-v - 

• Mean . ^ . . 0-0303 


The valbe obtained ,b*y adding togethpr the best values of the 
separate coefficients entering into this con.stant .fe 0-0348. The 
polarisation in sugar degrees at 20° of an approximately normal 
sucrose solution mipde up,and measured* at the same temperature f is 
thus given by:— *. * • 

• ^20*= V, {I + o»ooo3(r-2o)}* , 

and this is sufficiently accuijate for all ordinary polarimeter measure- 

^ Circular No. 44, Bureau of^Si'Undards^t\c^\%^ p. 37. 

'\^Tecknology Quarftrly^ M^iachusctts Institute of T^echiiology, May 1889, p. 367. 

^ J. An^er. Chem. Soc.^ 1899, 2^ 568. 

^ Archief. Java. Sutkerimf,^ July 1903. 

® West Indian Bulletin^ vdl. iii., p. 140. 
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jnents whatever be the type of tube or scale. If, however, the .solution 
be made up to volume at 20°, whi(p'the polarimeter measurement is 
made at another temperature, all apparatus, being at this temperature, 
the above formula is no longer applicable. Under these circumstances 
the formula ^ to be applied is :— 

Wjo = W,{i + 0.000609 ft- 20)}. 

Clarification. —For polarimetric purposes active solutions frequently 
require clarification. The clarifying agents most commonly employed 
include: (l) alumina cream ; (2) basit lead acetajte ; (3) animal charcoal. 
Others possessing advantages in .special casts are: (4) neutral lead 
acetate; (5) basic lead nitrate; (6) alum solution; (7) sodium 
hyposulphite; (8) sodium'hypochlorite. Particulars relative to these 
various clarifying agents will be found on pp. 63-73 of Circular 44, 
Bureau of Standards, Washington, igiS. 

Basic lead acetate solution is prepared by Ling in the following 
manner; 150 g. of fine lead acetate crystals is mixed in an evaporating 
basin with 45 g. of litharge' and 25 c.c. o£ viJiter. This paste is allowed 
to remain at room temperature for twij to three hours with frequent 
stirring. The paste is then gently warmed* on a piece of wire gauze 
or sand bath, and then poured into 50J c.c. of water, and allowed 
to stand until the small amount o.'' undissdived sediment settles out. 
The solution is then filtered, and the sp. gr. of the clear filtrate 
should be i'20. 

Alumina cream is made by pouring a cold 2 to 3 per cent, solution 
of alum into dilute ammonia of sp. gr. O'pS, in a bottlel The alumina 
is allowed to settle, and washed in the bottle by decantation twice 
a day until the supernatant liquid gives no reaction with barium 
chloride. This usually takes a week. 

In conclusion, <t may be mentioned that the polarimeter finds 
increasing use in the determination of stgar, starch, e.ssential oils, 
the examination of alkaloids, camphors, lubricating and mineral oils, 
etc. Its use is not necessarily confined to the determination of 
optically active substances; a large number'of inert substances exert 
a powerful influence on the rotatory powei of active solutions. As 
an example of such application it may be mentioned that acetone 
ancl boric acid can be determined by this means in solutions of tartaric 
acid of known strength. Moreover, the solvent used to dissolve an 
optically*’active substance exercises considerable influence on the 
activity’of the solution, and this fact may aflbrd a considerably widened 

field for the use of the polarimeter in technical practice. 

.. . 4 . ^ • 

^ Circular No. 44, Burtau 0/Standards^ Washington, 1918, p. 39. 
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THE MEASUREMENT V)F ELEC*rRICAL CONDUCTIVITY 

• 

The resistance of an electrical conductor N defined ia accordance 
with Ohm’s Law as the constant of proportionality between the 
difference of potential at the ends of the conductor to the current 
flowing in the conductor. -Thus ^if a current C timperes flows in a 
conductor when a difference of potential or voltage, or electromotive 
force^ as it is indiffereatly termed, equal to E volts, is established 
between the ends of the Ainductor, the’n the resistance of the conductor 


•p 

« equal to R ohms„where R is given by tl»e relation R = ^, and in 



given conductor, independcjit of the value of tjie difference of potential 
applied to the ends of the^ conductor, provided the tqTnpcrature and 
physical st^te of the conductor are unjlt^rcd. 


The methods fog the jneasurement ef the resistances of solid 
conductors are detailed in any text-bo*gk of Practical Physics /see, 
for instance, Watsons lext-book of Piiactical Phyfics, Longmans, 1913, 
pp. 432-474), Til# most commonly employed method, depends upon 
the use of, the Wheatstone bridge in one of its many forms. It must 
here suffice to say th^t the ^Vhcatstolie bridge^consists of four resist¬ 
ances, X; P, and S, connected as shown in the* diagram. Fig. 113. 
A battery B is connected \Vith*the arms of th# bridge via the key,K‘, 
and a galvanometer G via a secoqd.key Kj, afld the various* resistances 
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• X, P, 0 , and S being adjusted so tjiat on depressing Kj and then Kj 
and maintaining both keys depressed (it is important that the keys 
be depressecj in the order specified) no diiflection of the galvanometer 
is produced, the elementary theory of the bridge shows that under 
A. P ■ 

these conditions X = q.S. The common practice is to adjust P and Q 

to any desired values—say P=i, Q=iooo ohms—and then vary the 
resistance S untiP balance of the bridge is achieved. During the 
preliminary adjustment of S to the required amount, the sensitiveness 
of the galvanometer is suitably' reduced \>y shunting it with an 
appropriate resistance, so that -no large deflections of the galvano¬ 
meter are produced. The full sensitiveness of the galvanometer need 
only be employed in making the final adjustments to balance. The 
resi.stance of the conductor, however obtained, is measured in terms 
of the ohm-as a unit. ' 

It is customary to speak of the resistance of a Conductor in terms 
of what is called its specific resistance. Thi.s is defined as being equal 
to the resistance o*" a cube of the sub.it:fi’.ce of i cm. side, the current 
passing through the cube normally from one face to that opposite. 

It follows immediately that the resistance R cf a .specimen of the 
conductor of length L cms., and cro.s's-scclion A cms., is related to 


the specific resistance of the specimen by the rclacion K = 

It will be seen that the appropriate unit for the designation of specific 
resistance is the ohm-cm. More especially when- considering the 
electrical properties of solutions, it is customary to speak of the 
specific conductivity of the conductor or solution. The .specific con¬ 


ductivity cr is the inverse of the specific resistance p, thus <r = and 

• r I’ 

the appropriate Anit for the designation of specific conductivity is the 

ohm-' cm.-'. The unit of conductivity^ is indifferently referred to 

as the reciprocal ohm or mho. 

In chemical technology, occasion must frequently Arises for the 
measurementof the specific conductivity Of solutions, and this 
operation will alone be considered in tne present section. While 
the method of the Wheatstone bridge is applicable to such measure- 
meiits, the use of' direct currents is rendered difficult owing to 
polarisation effects’ at the electrodes Inserted into the solution. 
Owing to the existence of these polarisation effects, the current 
through the electrolyte is not, m genefhl, proportional to the E.M.F. 
applied to the electrodes. A- back' F.M.F. due to polarisation is 
produced at the electrodc.s. 

The phenomena of polarisation as influencing the measurement 
of the conductivity of a solution have been examined in great detail 
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by Kohlrausch, who has shown how the effects of polarisation may 
be obviated by the use of an filternating current in a special type 
of Wheatstone bridge, a telephone basing employed in place of the 

4 • 



Via. 


• • * 

galvanometer customarily^i^sed,' This type of bridge is illustrated in 
Fig. 114. The bridge is represented diagrammatitally in Fig, 115. The 
four arms of the bridge are constituted respectively of the resistances 
X to be mcSsurerl, inserted between the terminals A and C the 


9 9 



r^istanccs unplugged in th^; box of«coils shoryn, and the two portions 
of the 'bridge wire As anS BS into which tfie bridge wire is divided 
at the point’ of contact of tile slider S. The Kohlrausch Universal 
bridge is so constituted _fhat it can be used either wiUh alternating 
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pt direct current, the latter being employed when ordinary measure¬ 
ments of conductors are being made, For use with alternating currents, 
the current in the bridge is »derived from the secondary coil of a 
small induction coil whose primary terminals are connected with a 
two-volt accumulator or two Daniell cells. For use with alternating 
current, the key K is turned so as to make contact with the stud T, 
the plug P being insprted. For use with direct current and a galvano¬ 
meter, the key K is' depressed to make contact with the stud G, and 
the plug P yemoved. The telephone is connected to the ends of the 
wire AB as shown, one terminal being connected to B and the other 
to A by means of the rod AD. , The termilials of the secondary of 
the induction coil are brought to E and S. The slitfer S' slides along 
the rod FG, so that contdet can be made at any {joint S on the wire 
AB. Although every sample of telephone is not equally suita_ble 
for use with .the bridge, common telephones are frequently found 
satisfactory. It is a convenience to use two such telephones, attached 
to a light spring which rests upon the observer’s head, one telephone 
resting against each ear. The coils ,in, dhe box , are composed of 
resistances O'l, i, lo, loo, and looo ohnrs, and the bridge is suitable for 
resistance measurements between O’O; and io,ooo ,phm^ with sufficient 
accuracy for most technical purposes. Ili general it is found that no 
position of the slider S' is possible, so that the sound in, telephone is 
reduced to zero, This absence of a position of zero noise is attributable 
to the existence of self-inductance and capacity effects in the bridge. 
Chaperon ' has .shown that the disturbance is mainly attributable to the 
capacity effect of the coils, and has devised a means of winding the coils 
so as to reduce it to a minimum. The practice in using the bridge 
consists in determining the position of the slider S' so that the noi.se in 
the telephone is reduced to a minimum. This position is best located by 
oscillating the slider from side to side of the approximate po.sition of this 
point so that equal loudness of the noise in'ihe telephone is,heard.. The 
amplitude of the motion is gradua{ly and continuously reduced until 
finally the position of the minimum is located as accurately as possible. 
The experiment is repeated a number of tirries and the mean of the 
various readings of the slidef taken. If the balance point S divides 

the- wire AB in the ratio - then die resistance of X = - (resistance 

? ,'■ g 

unplugged from bpx). For greater accuracy^ the coil which brings the 
point of balance,on the wire as near to the middle as possible should 
be unplugged from the box. The scald- of the bridge is graduated 

so as to indicate the ratio - directly. Tire induction coil employed 

may constitute an integral part of thi apparatus or any other coil 
’ ’ Chnplt'i rtnd.y i88a, io8, 709, 



SOLUTION OF TUB ELECTROLYTE 


219 


may be inserted in the bridge. The coil employed should make very 
little noise. If one ear alone is fr<ied with the telephone, it is well 
to plug the other with cotton-wool. Th§ coil may, if found desirable, 
be placed outside the room oV encased in cotton-wool and surrounded 
by a box. 


Preparation oC the Solution of the Electrolyte. 

• 

The preparation of the solution of the electrolyte demand? consider¬ 
able attention, more partioularly wheft dilute aqueous solutions are being 
investigated. According To KohlrausA and Heydweiller, the specific 
conductivity of purest water obtainable in a vacuum is 0-04 x I0”° 
' ohm"' cm."'. That df what is termed Conductivity water in air at 
18° is about 10"*' (ohm cm.)"', a t*wjnty-fivc fold increase. The specific 
conductivity of ^ N/iooo solutiftn of’potassium chloride at 18° is 
approximately 0 00012 (ohm cm.)"'120 x 10 “ (ohm cm.)"', 'i.e., 
120 times greater than that o£ conductivity water. For the ordinary 
measurements of elcctrolyhi* cesistances in chemical technology 
particularly when dilute solutioras are being investigated, satisfactory 
water may be prepared fronf ordinary distilled water in the following 
manner. Some distilled water "is placed in a carefully cleaned beaker 
and ■'Jj/ie beaker is emptied Snd a fresh supply placed in the 

beaker, which is then immersed in a freezing mixture. The beaker is 
not stirred. A coating of.iie forms round the walls of the beaker. 
When about a quarter of the water has frozen, the remaining water 
is thrown away and the ice melted. The water obtained on melting 
ice possesses a much smaller conductivity than the original distilled 
water, ft should^be used at once and not stored, as it dissolves salts 
from the glass vessels in which it is kept. The amount of salts so 
dissofved tlqpen^ls upon the nature of the glass ‘i^ssels employed. 
A variety yf.glass particulaiSy resistant to the action of water was 
originally introduced by Schott &, Co., of Jena. Ve.ssels nlade of 
glass of equcB, if not sup^fior, resistant qualities are now manu¬ 
factured by a number of firms in England and elsewhere. Vessels 
made of such glass should alone be ^egiployed to contain liquids 
whose electric conductivity is to Ije distermined, and the liquid 
should, moreover, not be contained in‘or transferred to vessels of 
any other kind of glass pfior to, or .’during, the* experiment. Con¬ 
ductivity water wjien required may be prepared by, the methods 
detailed Ijy Bousfield,' Haftley, Campbell, and Poole,^ Thole’ 
and. others. 

' /. Chem. Sac., 1905, 87, 704 ; 1912, lor, 1443. 

[. Chem. .Stir'., 1908, 93, 428. • 

^ /. Chern. Soct^ I912, lOI, 207. 
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Method of Plati^isingf Electrodes. 

In the measurement of electrolytic conductivities, platinum 
electrodes afe frequently employed, and 'It is essential that these should 
be platinised, as thereby polarisation effects are considerably reduced. 
For this purpose, the platinum electro^les are carefully cleaned and 
placed in' a solution containing three parts of platinic chloride, 0 025 
part of lead acetqte, and 100 parts of water. A current is passed 
through the solution, the current strength being adjusted so that a 
free and regular evolution of bubbles occur^, and an adhesive deposit 
of platinum black is obtained. The currenhin the solution is reversed 
from time to time. The electrodes after removal from the solution 
are well washed with water, and are then allowed to stand in distilled 
water for some hours. It may b& rpmarked that re-platinising the 
electrodes usually remedies the defqct of the position of the minimum 
noise in the bridge becoming rather indefinite. 

• U 

Absolute Measurement of Specific Conductivity of 
an Electrolyte. 

When the absolute specific conductivity of an electrolyte is to be 
determined, the liquid is best contained in a vessel of tlie form shown 
in P'ig. 116. This electrolytic vess^el consists of two s^oUt-w^ll,qd test 
tubes or bottles fitted with side tubulures as shown. The tube II is 
inserted through the tubulures through iorks of wood or indiarubber, 



or miy, if de,sirable, be fused on to the vessels A and A'. Each 
electrode consists of a, plate of platinum welded to a short length of 
platinum wire which .is fused into a piece of glass tubing. Mercury 
is poured into the tubing to effect coiftact between the ’electrodes 
and the rest of, the bridge, wires beiiig dipped into the mercury for 
this purpose. The glass tubes pass out through corks, as shown. 
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which serve to hold the electrodes in position. The electrodes are 
platinised as described above. Tlfe^tube B consists of a fairly short 
and wide-bored tube, such that the rc.sj.stancc of the liquid therein 
is about 500 ohms. The d|jameter of the tube is ascertained by 
weighing the tube empty ancj, then filling with water, the .ends being 
corked with plane-ended cork% The diameter of the tube is found by 

employing the formula d ^ where W is the \feight of the water, 

d the diameter of the tube, I length of water column, and p density of 
water at temperature of experiment. The electrolytic solution to be 
examined is introduced iirto the tubes.R, A', and B so as to cover the 
electrodes completely, and so that no air bubble is present in the lube B. 
The vessel is immcr.std in a bath at constaTit temperature and the 
resistance measured as already* described, employing the Kohlrausch 

bridge. The specific conductivity of the solution is given by p = , 

where i = length of the tube B, d its diameter, and R the measured 
resistance. , • • . 

« 

Comgarisoij'of Specific Resistances. 

Most frcqpjcntly in chcipical technology, and indeed for chemical 
purpjjgg^in ^jyieral, occasion arise* for the comparison of the specific 
conductivities of two or more solutions. If one of the solutions 



117. ^ Fiu. IIS. * Fkj. JIO. Ffi!. ]i!(^ Ftc. rjl. Fki. 122. 


employed is a solu*tion whose specific conductivity at the temperature 
of the experiment is accurately known, the -comparison enables the 
specific conductivity of the Bther solution to Ue calculated. For this 
purpose varioils forms of vessels to contain the solutions in turn are 

available. A selection is shown in Figs. u;vi22. VVhate.ver form of 

• • • 
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vessel is chosen, it should be constructed of glass highly resistant 
' to the solvent action of the solu^idn. The electrodes, if of platinum, 
should be platinised as alrc.-vdy described, and should be removable 
for cleaning'purposes. The form of ,<lcsscl shown in Fig. ii8 is 
especially applicable todhe determinatiqn of the change of resistance 
with temperature of badly conducting solutions, a thermometer being 
inserted into the ejectrolyte to indicate its temperature when cooling. 
The form shown *in Figs. 120 and I 2 I can be introduced within 
the liquid contained in a beaker, etc., and subject to the condition 
that the liquid stands in the outer vessel at a higher level than the 
upper orifice, affording entrance of liquid to'the vcs.sel: the resisfance 
is independent of the quantity of liquid in the outer vessel. The 
form h'ig. 120 is used fdr bad conductors, the fdtm Fig. 121 for good 
conductors. The pipette form shovVn-in Fig. 122 enables the liquid 
under investigation to be readily sucked up into the space between 
the' electrodes and retained 'there. The constant of the vessel, 
as it is termed, is found by first, measuring the conductivity or 
resistance of a solution of known .specific conductivity in the vessel, 
and thereafter carrying out a similar, measurement, using the liquid 
under investigation in the vessel. Thus," if i? the, measured con¬ 
ductivity of a liquid of known specific Conductivity contained in the 
vessel, the specific conductivity of .a liquid, the measured conductivity 
of which when contained in tlw vcs.sel is found to be Kj is given by 


^’1 = . Kj. The factor obviously is' .such that multiplying the 

observed conductivity K* of the liquid by it reduces the observed 
conductivity K* to the desired specific conductivity Xq. It is termed 
by Kohlrausch the resistance constant of the cell. For purposes of 
standardising the vessel, the best solution to employ is a solution of 
pure potassium okloride. It may be remarked here (the matter is 
illu.strated in the table below) that th., specific conductivity of a 
solution is dependent upon the temperature, and consequently it 
is of importance that the tempciature be maintained constant during 
an experiment 


Specific Conductivity of Certain Solutions amd the Variations 
of same with Temperature. 

The following table contains particulars of the specific conductivities 
of solutions of certain .electrolytes at Various temperature.s.' These 
can be employed for calibrating the vessels described above. The 
solutions specified are prepared as follovis:— 

(i) Solution of sulphuric acid of maximum conductivity at i8°. 

Kohlra-'^sch, Holborn, and Dieselhorst, 1898. 
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. • 

Dissolve 378 g. of ordinary concentrated HjSO^ (97 per cent, H^SOJ 
in distilled water and dilute to on* litre at 18°. * 

(2) Solution of magnesitim sulpliate^ of maximum conductivity at 

18° C. Dissolve 552 g. of d^y magnesium sulphate (MgSO^, 7H2O) in 
one litre of water. ^ , 

(3) Solution of sodium cljloride, saturated at 18° and* at all other 

temperatures. Shake an excess of sodium ch'^iride with distilled water 
(about 450 g. of salt per HtrQ) and filter. j 

(4) Normal solution of potaslsium chloride. Dissolve 74-555 g. 
of potassium chloride iy water a»d dilute to one litre. 'The more 
dilufe solutions are obtai»ed therefrom by suitable dilution. 


1 

• 

• 
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olirn"^ curl. 

ojiiii ' oin'^ 

olinr^cnr^ 

ohm-'crir* 

olim ^ cm' ^ 

ohm"' nru"^ 

0 

0-5181 

0-02877 

0-134,5 

0-00511 

0-00965 

0-001521 

0-000770 

fi 

0-5792 

0-03402 

0*^555 

0-07414 

0-00822 

0-0017,52 

0*000896 

10 

0-0408 

0-03963 ■ 

0-1779 

0-08319 

0-00933 

0*001994 

0*001020 

15 

0-7018 

^■04555 • 

0-20146 

JJ *09252 

0-01048 

0-002243 

0*001147 

18 

g-7398 

0*04922 

T)-21605 

0-09822 

0*01119 

0-002397 

0-001225 

‘20 

.0-7645 

0-05171 * 

0*2259G* 

* 0-10207 

0*01107 

0-002501 

0-001278 


M2.57 

0*05808 

0-251*3 

0-11180 

t • • • 

0-01288 

0-002765 

0-001413 

30 

0*8880 

0-06459 

0-2774 

0*01412 

0-003036 

0-001552 

85 

0-9453 

0-07121 , 

0*3041 


0-01539 

0-003312 


• 


A table containing particulars of the specific conductivity, and 
othef characteristics of a large number of electrolytic solutions, has 
been "drawn up Fitzpatrick.^ It will be seen from the above table 
that the .specific conductivity of an electrolyte increases with increase 
of telnperntj^re.^ In general, the value* of the temperature coefficient. 


i.e., the va 4 u& of 
degree. • 


I 




IS 


• * 


of the order of about 2 per cent, per 

• • 


» * 


Coiy-'J-ICIENT OF Io’ni.SATION AJfV lONIC VF.I.OCITIKS. 
I4 LECTROMF.TRIC.Titration 

'Ihe specific conductivity of a solutioh may be regarded as ntade 
up of two parts, viz., that due to the kation and that due to the*anion 
in solution. Regi/tded from this point of view, it can ’be shown that 
the specifii conductivity of a dilute solStion is i^qual to;— 

where a is the boefficient of ioniiation of the electrolyte, i.e., the fraction 

* As^soc, Rfport^ 189 ^^ 
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of the total number of molecules of the electrolyte which become 
ionised on solution, N the number lof gram molecules of the solute 
dissolved per c.c. of solution, n is the valmcy of the ions in solution, 
6(1 is the eledtric charge carried by a glam molecule of the solute 
(96,550 coulijumbs) and.r^d and i/,, are tlje respective velocities of the 
kation and anion under unit potential (gradient. In the case of a 
compound ’such as K,,A(^ in which K is y-valent, and A is / 3 -valent, 
n = yx = fiy. p 

In any application of the measurement of electrolytic conductivity 
to the determination of the concfentration of the electrolyte in the 
solution, it must be borne in mi’ijd that u, and arc thcm.selves 
dependent upon the concentration and temperature of the solution. 
They may be regarded <,s approximately constaflit in dilute solution 
at constant temperature. Where, however, solutions of the same 
electrolyte of markedly differc.it concentrations are to be compared, 
the respective values of a, rau.st be employed before the ratio 

of the concentrations of the cicctrolydc can be accurately determined 
from the observed ratio of the specific (;orvl(jctivities^ 

The measurement of electrolytic cqjiductivity is of general applica¬ 
tion in chemical technology. When pure'substauccs are in question, 
the method affords a ready method for the comparison of the respective 
concentrations of two solutions of t))c same substance. Considerable 
caution is, however, necessary _whcre the method is to be applied to 
the determination of the concentration cf impure substancc.s. The 

.f. 

presence of small proportions of H-ion or of Oll-ions may influence 
the conductivity of the solution considerably. They arc respectively 
the kation and anion possessing the highest ionic velocities under 
unit potential gradient. 

The method has been appli'^d by Main' to the’determination of 
the ash content of sugars and .syrups. The clectric..'il conductivity 
of a solution of the sugar or syrup is altribured to the' presence of 
salts which when in solution hi r.mter y.ield a conducting solution. 
If the relative proportion of the various .salts present is constant, 
a determination of the electrical conductivity of a solution of definite 
strength .should enable the approximate amount of such s; Us present 
ta be determined. Main found that the rcsists-nce of his solutions 
was ''nversely proportional tc> the ash content of the sugar or syrup, 
this latfer being determined gravimetrically. The method has been 
further examined by Lange," who finds that it is reliable provided 
that the ash contents of the sugars compared do not differ by more 
than 0-5 per cent.; he has prepared tables fpr the electrical con- 

1 Seivriih hit, Coni^rfs^ of Applied (^iemieln\ 1909, p. 334, 

* 2 Z. Ver, dtut, Zuckennd.^ 1910 , 60, 359*381. 
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ductivity of sugar solutions for sugars containing up to 3 per cent. , 
of ash. Work on the same subject has been done by Reichert ’ and 
Landolt.- • , 

Dutoit^and his coIlaborat^)rs have employed the measurement of 
electrolytic conductivity for a.sfcrtaining the end point in .volumetric 
reactions. The solution to be tested should be very dilute (yV/lOO-iV/200) 
and the precipitating or otherwise reacting ^ohitjon comparatively 
strong (rV/l). The end poigt is marked by a pokit of inflexion in 
the curve obtained by plotting the conductivity of the solution agaimst 
the volume of precipitating solution added. The method has been 
modiffed so that the potc*tials of thg* solution against an electrode 
arc plotted, as ordinates, against the amount of precipitant added, 
a# abscis.sie. A sharp double inflexion markh the end point. The 
method is especially applicable; • to the determination of iodine 
in urine, and the estimation of»smalJ quantities of chlorides in 
chlorates. , • 

Van^ .Siichtelen and Itano‘.hp,ve examined the preci.sion of the 
coiuluctivity method p( titration ig the cases of the titration of solutions 
containing Cl, Ag, SOj, Ila, U, I’pj, NO,,, K, Ca, and Fe. These ions 
arc all readily determined by,the method, The results are not affected 
by the* presence* of foreign siAstance.s* and it is found possible to 
determine more than one sulfstance, in ‘the same solution by a suitable 
choice“TTrTea^nt, Cl and SO4, for example, being titrated with silver 
nitrate and barium nitrate respectively. Ziegel “ has described a device 
by means of whiclj the change of potential occurring in a solution at 
the end point of i titration is utilised for automatically closing the 
stopcock of the burette when the end point is reached. A similar 
apparatus^ has been described by Forbes and Bartlett.® 

Ilarned and Lajrd^have employed the measurement of electrical 
conductivity for the titration of oxalic acid. A sharp change in 
the direction of the curve* obtained by plotting the value of 
the electrical conductivity again.st the, amount of added alkali is 
obtained when*the furmatioti* of acid oxalate is, just complete. The 
change in the direction 'v'aries with the dilution and becomes 
less distinct with increasing* concentration. The sodium hydroxide 
employed nWist be free from carbonate', otherwise high results are 
obtained. By the usd of JYjl sodium hydroxide 'solution, quantities 
4iot exceeding o-8 g. may be, satisfactowly titrated.. Edgar ® considers 

^ Z, (nud, C/n'fn.y 1889, ,28, I. - Z. Veyein Rubenzuckinnd^, 39, 638. 

^J. P/iys. Chem.^ lyiOi 8, 12 ; also Dlftoit and NJojoin, d'ul.} 1910, 8, 27 ; and Diiloit and 
Von Weisse, 1911, 9, 579- « * ^ 

^ Amer. Chem. Soc.^ 1914. I 79 r* ” Tians. Am/r. ilechKhem. Soc., 1914, 26,91. 

^ J. Ar/iyy. CViem.Soc-., I 9 I 3 » 35 * 1527 * 

J. Amer. Chem. Coc.^ 1918, 40, I2i'3. Lf. also 1917, 39, 252. 

^ J, Amer, Chem. Soc.y 1917, 39, 9 ^ 4 ^ ' 
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that the end point of oxidation or of reduction reactions may be 
determined by measurement of the electrical conductivity with a degree 
of accuracy equal to or exceeding that ofi the usual volumetric method. 
Further work has been carried out by I. AT. Kolthoff^ and others. 

The Dionic Water Tester" is a device whereby the amount of 
dissolved substance in water or other, solvent can be readily deter¬ 
mined, when the natiro of the dissolved substance is known, by a 
measurement of *^he electrical conductivity of the solution. It has 
already been, pointed out that owing to the existence of polarisation 
effects at the electrodes when direct current is passed through an 



electrolyte, measurements of electrolytic conductivity arc liable to 
considerable error unless special prccajdons are taken, such as the 
use of secondary electrodes. The Dibi.ic Water Tester employs 
direct current, and is illustrated in Fig. 123. The effect of polarisation 
is taken into account in calibrating the scale of the" instrument. 
G is a glass tutre to contain the water under test, and A and B are 
the electrodes. Tljese electrodes are connected to a continuous current 
hand-driven ^ynamo E, and to a direct conductivity'meter M. The 
thermometer T measures the temperature of the water under test, and 
can be lowered or raised in (he water^ so altering the effective 'cross- 
sectional area of the electrolyte. It is supported in a sliding holder L 

' nHorg . Chem ., 1920, III, l , 2 i , 97 ,-155 165, 187, etc. 

. ^ Supplied by^Messrs Evci&hed & \'ignoles, Ltd., Chiswick. 
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moving in guides H H, and which carries an index I ranging over a 
scale J calibrated in degrees centigrade. After the water to be tested * 
has been passed into the fiinpel F aftd fills the tube G, the reading on 
the thermometer is noted ; r^nd its slidihg holder is mewed until the 
reading of the index I on the scale J corresponds with the thermometer 
reading. This operation compensates for the change of conductivity 
due to temperature. By turning the handle W^of the dynamo clockwise, 
a current is generated which traverses the meter Jind the water in G. 
The pointer of the meter is deflected and comes to rest at a point 
which indicates directly^ the condijetivity of the water at’ 20". The 
unit*of conductivity choscfi is the megijhm ' cm. and the .scale extends 
up to 2000 units. -The handle W is turned at any speed above that at 
which the clutch- is rfclt to slip (about 100 .revolutions per minute). 
The range of temperature for which compensation is afforded is from 
10" to 40’, so that the water mu^it be ivarmcd if below io“, and must 
be cooled if abftv^ 40". Where the r.onductivity of the* water tp be 
tested is higher than the maximum scale reading, the water is suitably 
diluted so as to bring its^ ^conductivity within the range of the 
instrument. A special type of* conductivity tube* is supplied for the 
measurement of high conductivity liquids such as sea-water and 
pathological liquids. * ’ » • 

The Kclfy Electrometrii Titrati^if apparatus ' .enables rapid dclcr- 
miiKfliofls of'the conductivity of electrolytes to be made, and is more 
especially designed for the determinatioh of chromium, vanadium, and 
mangane.se in steel and ferrous alloys by the measurement of the 
change of oxidation potential. Chromium can be determined correctly 
to 01 per cent, when the chromium content is as high as 20 per cent.; 
when tljc chromium content is from 0-20 per cent, to 3 per cent., an 
accuracy of o-oi' per cent, is easily obtainable. With a chromium 
content pf less than 0-20 per cent., it is possible to obtain an 
accuracy 0'fto2 to 0-003^ per cent. The end points are sharp 
and easil)^ determinedi 
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techNjcal gas analysis 

•jly CIIARI.KS A. I'ean®, D.Sc, Ph.D., and J. S. O. Thomas, D.Sc., Pliysicist, 
South Metropolitan, Gas Company, London ’ 

• 

Introduction. —analysis of gases i.s undertaken chiefly as a method 
of exaiTiination of gaseous fuels rvnd of protlucts of combustion. It is 
also a most important rncthwd analysis in the alkali industry, in the 
production of illuminating gas, and in many other tranches of chemical 
manufacture. ^ , ,• 

This seetjon is rcstrictctl ?d a description of the general methods 
employed in technical gas analyses, find of typical forms of apparatus 
that are in general use. The more spcqj'al methods that are employed 
only in special industries, citfier as methods of control or for the testing 
of final products,;irc described in the respective sections. 

The scientific foundations of the methods of volumetric gas analysis 
wen? laid by Bunsen, who embodied his chemical researchc.s on the 
subject in his work on gasometry," published in 1857. The methods 
adopted by him have since been considerably amplified by numerous 
other workers, and have at the same time been rendered more available 
for technical work by the ccurstruction of apparatus specially suitable 
for this purpose, in which greater rapidity is obtained without material 
sacrifice of accuracy. * • • 

The method of gas anilysis depends upon fhe successive conversion 
of single constituents of a’gaseous mixture into a nofi-gaseous state 
either by Treatment with suitable absorbyig reagents and measuring 
the resulting diminuTion in volume; or. by oxidntign to compounds, 
the volume of which can bu» ascertaiiwl either fro'ji the contraction in 
volume that has occurred, or from the volume of an absorbable gSs^hat 

has been formed. * There are » few gases, of which nitrogen is the most 

, * • 

'.The aiithora are indebted to Dr Hi'G. ColmaC for pernniss^on to include in this Section a 
portion of the subject-mt^tter which was included in the Section on “ Illumiratirg Gas and 
Ammonia ” in the {Previous edition. , • ^ ^ 

® Gasomeirische Meihoden^ 2nd edition, 1887; English jfanslaticn of 1st edition by Sir 
II. E, Roscoe, Gasometry^ 1857. • • • 

m 
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c. important in technical work, for which no suitable absorbent or method 
of oxidation is known, and which are acco’-dingly left as a residue after 
the estimation of other constituents. 

Within recent years many forms of automatic apparatus have been 
devised for the rapid and continuous estimation of carbon dioxide in 
furnace gases. These have proved of great value for the control of 
combustion processes, and some of them are applicable to other 
purposes. They now form an important adjunct to the ordinary 
methods of gas analysi.s. 

The term gas-i'olumetric anajysis is applied, in a restricted sense, 
to methods of analysis in which a solid or a liquid substance is 
estimated by the generation and measurement of a gas. As they are 
to some extent general in character and somewhat apart from the 
ordinary methods of gas analysis, the apparatus employed and their 
applications have been included in the general introductory section 
(pp. 74 to 89). 

The general methods of gas analysis arc not applicable when 
the constituents crncerned arc present in too small quantitie.s to 
be estimated by a diminution in volume, as in the case of carbon 
disulphide and naphthalene in illuminating gas, and .of impurilics in 
atmospheric air. For such estimations special gravimetic, volumetric, 
or colorimetric methods arc employed, which allow of tl'.s-i.-eatment 
of much larger volumes of gas than is practicable by the ordinary 
methods of gas analysis. 

Sampling.—In all branches of gas analysis the proper taking of the 
sample is quite as important as the method of analysi.s adopted In 
the case of chimney gases, samples may be regarded as having a fairly 
constant compo.sition if the charging is done by mcan.s of a hopper, or 
by some continuou.s mechanical process, but with oriiinary intermittent 
charging the composition varies considerably: this is dlu;.irated in the 
following data obtained in the firing of a boiler furnace:— 


Carbon uioxide 
Carlton monoxide 
Oxygen 
Nitroi^cn 
Sooi 


1 Miiiiii' .ifOT 
SLulciii'j'. 

13-5 percent, 
o „ 

5-5 » 

8r-o „ 

Present 


rj ."innbi's 
llll'T 

4-0 per cent, 
o ,, 

79-5 .. 

o ,, 


In such an instance the analysis of a single sample is .seldom of 
value. So-callcd average samples are also unsatisfactory, bc'-ause even 
when a constant method of suction is us^d for taking the sample, 't is 
hardly possibly to collect such a fraction for analysi.s as really represents 
the composition bf the whole. 

A reliable criterion of the course of a combustion can only be 
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obtained by the analysis of a series of separate samples taken at 
successive short intervals; the iffect of the stoking and similar * 
influences can then be gaugdd. If tire nature of the fuel is fairly well 
known, the possible presence of appreciable quantities of carbon 
monoxide and of other combv^tible gases can he judged from the total 
of carbon dioxide and oxyg(^n present, and the determination of the 
two latter gases suffices^ , 

In order to determin’e tire small quantities oi combustible gases 
which may occasionally be prcse’nt in normal chimney gases, even 
accurate volumetric methods arc ir^rufficieirt, and gravimetric methods 
of analysis must be empfoyed; these.*are carried out by drawing the 
sample for a suffidient length of time through a suitable absorption 
apparatus, whilst at the same time a gas-voluftretric test is made every 
five or ten minutes, in order to fo'flow the course of the combustion.- 
fn non-intermittent proccsse:f, othev than the combustion of fuel, 
a suitably collectcol average sample may be regarded as satisfactory. 

Tire sampling is effected .by. drawing the gases from the flue or 
chimney, through ijonnecting. tubes, into a suitable containing vessel. 
The sampling tube is inserted i^i such a position m the flue, etc., from 
which the samjrle ij to bp* taken, that its open end is exposed to 
the nlain current of ascending gas; ii! the case of large chimneys or 
main.s, a tirbe having a longitudinffl’slit or a series of fine holes is 
advantageous for securing a sample pf average composition. The 
interposition of a T-tube attachment, provided with an independent 
aspirator, betwecji the main sampling tube and the collecting tube, so 
as to ''ta[)” the supply, is a convenient means of obtaining a repre- 
.Sentativc sample of a large volume of ga.s, 

ilehrre collecting the sample, the air originally contained in the 


* iiince C. I- O.j = CO.j, the 21 per 1 ent. of O'cy^ren'in .lir jrives 21 percent, of caihon dioxide ; 
for the combu3*!t»n of hytirogen every 2 kilos use up 11.15 eb-ui. of oxygen. In n roal having 
the composition — * 


Carbon 
Ilyiiiitgca 
Oxygen 
Asli, w.iler, ctf. 


H I pei cent. 
4 „ 

8 ,• 

4 


the burning of t kilo invol^-“!> tlie consumption of^ir letjjiireci for 0-84 kilo carbon .ind 0*03 kilo 
liydi ogen, the contained oxygen of the fuel sufiicing for *he conibiist>'n oj the test of the hydrogtin. 
For every -7 x 22-3 — 136*1 of carbon dysxifle formed, :! x i i*i 5—0*75 x 22'3-•16*73 

cb.m, of oxygen disappear from tlie g.iseous produjts, owing to the combustion of tiie b.^atogen, 
'f, therefore, the chimnry gases contain 14 per cent, of carbon dioxide, th% average free oxygen, 

wh^ combq^tion is complete, will be 21 - ^14 - ~ 5*5 cent. Aftt r a fresh stoking 

the^roportion of free oxygen^dtereas^s to 4-5 per cent., but iu'ifease^to 6-7 per cent, vihen the 
charge is spent. • ^he analytical results should be in accoid with these diOa, ard rhould a \\a}s 
be carefully checked if this is not the cas^. , ' 

^ Cf. Ding/. po/yl.Jy 1884, 251, 3«3 ; Fischer's Jahresher.jt^^Z^, 31, 1295. 
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sampling tube, the connecting tubes, and any other intermediate 
“apparatus, must be completely displaced; to ensure this removal, at 
least from four to five times the capacity of the apparatus concerned 
should be replaced by the ga^before drawing the sample for analysis. 

To prevent soot, dpst, or ashes entering the collecting vessel, a 
portion of the sampling tube is fitted with a filter of asbestos or 
glass wool. 

The material of the connecting tube must resist the prevailing 
temperature, and must be unaffectfed by the constituents of the gas. 
Glass tubes arc used whenever possible; they can be safely employed 
for temperatures up to 500° or- 600°. Above this, quartz or porcelain 
tubes arc used. Quartz tubes can be employed only up to 1000° as 
they become porous above this temperature; "porcelain tubes 
necessitate gradual heating up, owing to their liability to crack. 
Iron and other metal tubes should be avoided; in presence of oxygen, 
iron tubes effect a considerable absorption of this gas, even at low 
temperatures, and give it off to reducing gase.s. 

When quartz or porcelain tubes are,used for aspirating hot gases, 
the tubes should bt‘ long enough to secure the cooling down of the 
sample before it enters the collecting yessel, This is sometimes 
effected by surrounding the tube with a water-contlenser made of 
copper or iron. The sampling'tubes arc'held in positio n by a per¬ 
forated cork or rubber stopper when the temperature permits, or else 
by fireclay or cement. 

Apparatus for Aspirating and Collecting Samnles of Gases_ 

If the gas to be sampled is under pressure, 
the collecting vessel is easily filled; otherwise 
an aspirator must be employed. Va'iious 
forms of glass aspirators, .water-pumps, and 
small india-rubber aspirators are used. They 
are attached to ^he collecting* ves.scl, which is 
connected directly witn the sampling tube. 
More generally a foi m of apparatus is employed 
which serves both is an aspirator and for the 
collecting of the .sample, such as the gas 
.sampler devised by Stead' (Fig- 124), by 
means of which the sample can be aspirated and 
subsequently readi'y transferred for analysis. 
fki. lu. The gas-collector H is provided with four 

' stopcocks, of which C is “attached tc the 

reservoir A by means of a stout piece of rubber tubiiig. The 
reservoir is filled '- ith mercury or water, according to the nature' of 
the sample to "be taken. By placing the, reservoir on the shelf B, 

* J. joc. C/wm. /m/., 1889, 8,176. 
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and opening the taps C and D, the air in H is expelled and replaced 
by the mercury. The taps C and D are then closed, the connecting 
tube from the flue or chifnney connected to E, and the reservoir 
lowered ; by now opening p and E, t'he gas is drawrt through the 
collecting tube and the upper tubes of the aspirator, ^hereby com¬ 
pletely removing the contaiijed air. D is then closed, the reservoir 
placed under the tap P', and the latter opened^ when the mercury 
flows out, thereby drawiilg in the gas, the rate of»cntrance of the gas 
being regulated by the rate of flofv of the mercury. A/ter the sample 
has been collected, the, taps are closed and the gas transferred for 
analysis, by placing the reservoir on.’B and opening the stopcocks C 
and 1), sufficient gas being first allowed to escape to clear the con- 
* • • 


necting tubes. If .the sample js to be kept for some time, it is well 
to put the gas under slight presisurc, by opening C, whilst the reservoir 
is on the shelf, jiftcr,the saplplc has been collected. A similar form of 
sampler has,been described^bj Kent S'niith and Towers.^ 

When the gas sample is submvtticf at once to analysis, the burette 
and pressure tube used for the analy,^i.s of the gas can be directly 
employed as the collecting." vessel and aspirator. This is often done, 
especially in the, control of processes and with the less exact forms 
of gas analysis apparatus such as that of Orsat (p. 272 ct scg.). The 
renfoval of all intervening air must be very carefully ascertained if 
this method of collection is adopted. 

If a number ^)f samples arc required for transport, light glass 
cylinders *0^ about lOO c.c. capacity, provided with ^veil-ground stop¬ 
cocks at cither end, may be ased (Fig. 125). 

If the cj^inders are provided with tjiree- 
way stopcocks, the transference of the gas 
sample for analysis is greatly facilitated. 

If the samples have tfl be kept for a 
considerable time before analysis, it is,preferable to seal the col¬ 
lecting vessel hermetically. For this ^mrpose, ‘glass bulbs of about 
* 100 c.c. capacity (Fig. is6) are ujed, which are ^attached to the 
sampling tube as described later (see F'ig. 130). A^ter being filled, 
they are sealed off at ir, on either side. Should it be necessary to seal 
off^he tubes in the open, a small oil lamp •(figs. 127 and 128, half 
actual size) may be 'advarftageously used. *It is"" fjrovided with a 
wickholder d, and a metal cove# B, having air-holes at >he bottom c, a 

^ y. So^, Chem, Ind.y 1897, 16, ^o. 

• • 
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Jargcr opening at the top, and a round hole e at the side, through 
which the blowpipe flame, blown, fiA)m the blowpipe « (to which a 
rubber tube and mouthpiece are attached) is directed. 

A very effTcient and simple gas samp'ing tube (Fig. 129) has been 
^ ■ devised by G. N. Huntly,' in 

which use is made of the well- 
known principle of the Mar- 
riottc bottle. The gas is drawn 
in at A. The dead space is 
cletlrcd by sucking at B. The 
Vatc at whidii gas is drawn 
in is fixed by the tap and the 
distance CD, and the latter 
can Uc. increased by joining 
' on a glass tube with rubber 
to the exit tap. It i.i obvious 
that the,gas cannot be sucked 
l)ack cr dHTusc ba&k. It has 
been found by trial that the 
rate at which the gas is drawn 
'in is constant throughout 
within I percent. A slight incliliation of'the tube from the. 
vertical gives a sensitive fine adjustment. 

An automatic gas-sampling tube which permits a con¬ 
tinuous sample of gas to be taken at a uniform rate has been 
de.scribed by T. Gray.® The sample is drawn by a filter 
pump and tapped into a collecting vessel, the filling of which 
is controlled by a counterpoise, ' 

To collect the gases from a Bessemer converter, K Fischer 
uses a porcelain tube (Fig. 130),'placed inside an iron tube />, 
the two being held together at ^7 by a ca-llar of fireclay, and .n{,;, 
the porcelain tube projecting about 5 cm. beyond the iron 
tube. The porcelain tube is connected with the glass tifbc 
at c, by a joint made with a mixture of clay and water glass ; 
the glass tube is connected bv rubber tubing to a series 
of bulbs «, the last of which is attached to a small rubber 
aspirator. To colJeci the sanifile, the tube is placed in an 
upright position ove- the moutli of the converter, so that it 
is ii^ne centre of the current of gas; the sample is then 
aspirated through the bulbs, one of which is sealed off and removed 
every two minute.s. 

• I ^ C • 

^ J. Soc. Chem, IQIO, 29, 312. The tube is made by (.). L. Mtillc'', 6 Orange Street, 
London, W.C. 

J. Soc. Ckri, hid.^ 1913, 32, V092. ' 
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Lubrication of Stopcocks employed in Gas Analysis. — The^ 
efficient lubrication of stopcocks usc[i in gas analysis apparatus requires 
considerable attention. Good lubrication is, in general, afforded by a 
film of lubricant approaching: molecular dimensions in thickness, and 
no improvement is produced by the indiscriminate cov,ering of the 
plug with lubricant. The following lubricant is recommended by Sir 
Herbert Jackson. Six parts of black rubber Are h,eated with five parts 
of vaseline and one part of solid paraffin until the \vhole of the rubber 
dissolves, at a temperature which causes considerable qvolution of 
vappur from the vaseline, but v^ithout burning the rubber. The 
lubricant is allov/ed to cobl, and is applied to the plug in small quantity, 
^thc plug and barrel having been previously cleaned by a soft duster, 
taking care that no grit remains on either plug’or barrel. It is necessary 
to ^void closing with lubricant'tHe hole drilled through the plug. The 
plug is inserted^ in the barrel aficl tui'ncd several timesi, until the tap 
appears quite transparent and streak's are entirely absent. Esjlecial 
care (should be taken in the lubrication of the taps of explosion 
vessels. On no 'account • must any lubricant ^be present in the 
tubes leading to the stopccck, for it would be burnt when the 
gaseous mixtuve ini the vessel is exidodcd, and the analytical result 
be very much in error 9n* this account. The minimum of the 
lubrjeant. described above is therefore very carefully applied to the 
plug, or, preferably, phosphoric acid should be used to lubricate such 
stopcock.s. .' 

Clips for co*necting Gas-Analysis Apparatus.— A useful clip for 
preventing rubber connections from slipping off glass and metal tubing 
ffias been designed by C. A. Keane and G. Patchin.' It is adaptable to 
many fbrras of apparatus, and is particularly useful in that employed 
for gas analysis. • 

The cli^ is^asily and quickly adju.stcd, it does *iAt wear or cut the 
rubber ticking, and it possc*cs sufficient play to be adaptable to any 
slight variations in the size of the,coijiiections concerned. It* is quite 
reliable for .securing the coifnections In apparatus in which mercury is 
employed as the confining liquid. . 

The sjeneral design of fhc clip is shown open and closed and in use 
with a Hcmpel gas burette and pipette ii^ P'ig. 131 (p. 236). 

Correction of Volume of Gas for Temperature and Pressure'¬ 
ll is customary to distinguish between “exact”, and “technical'’ gas 
analysis according to the method of working adoptccl^ In the'former, 
mereury is usualfy employecV as the confining liquid, and the smallest 
[IBssible*quantities of liquid are us^ for the absorption of the gases, 
so as to avoid the sfmultaheous absorption df othet gases which arc 

' /. Soc. Chem. Ind.^ 1917, 38^ SQi'l - The clip is ^.idc by Mess^vBnird & Tallock, 
Cross Street, London, E.C. I, as the “ K-P ” clip, in several sizes. V 
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^dissolved to a slight extent by aqueous solutions; also, the pressure 
and temperature are taken for each reading, and the gas volume 
corrected to normal conditions. The normal temperature most gener¬ 
ally employed is o" C., and the pressure that due to a column of 
mercury 760 mm. in height and of density 13-596. If the percentage 
composition of a gaseous mixture is to- be expressed to the second 
place of decimals—indeed, if the principal exponents of the mixture 
are to bo expres.sed to one significant decimal place—the barometric 
height ought, throughout the analysis, to be reduced to the standard 
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temperature of- o" C. Such a correction i.s sometimes applied in 
technical gas analysis—more especially in "the analysis of coal-gas— 
but for most purposes of technical gas analysis the correction is 
omitted. Froquont:ly,’moro esbccially in technical gas works analysis, 
the gUndard conditions of teinijhraturc and pressure are specified as 
60° F. and a pressure of 30 ins. of mercury, the gas being saturated 
with water vapour. A .series of so-called " tabular numbers ” enabling- 
measured volumes of moist gas to be reduced’ to these standard con¬ 
ditions readily is contained in the table oh pp. 238-9, the figures given 
representing tne- volumes of gas which,- if reduced to standard 
conditions, jrould have urfit volume. _ The corresponding correction is 

/ 





V 
V„ 

15 
h 

Then V„ ^ 
and V,| — 
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. » 

therefore effected hy dividing hy appropriate tabular number. In 
general, if , ‘ 

volume as read at r'^C. 

volume corrected to C. and 76^ mm. of mercury pressure, 
barometric height in ram. of mercury at time of experiment, 
deficit of pressure from atmospheric in Inircttc at time of experiment, 
vapour pressure of water at f expressed in mm. of mercury. 

V X (B J_). saturated withjwater vapour, 

(1+0.003665^)760 

VB -r., ■ , 

,-- - , il the ga» IS dry. 

• (i + 0.003665/) 760 ^ 

It may here be mentioned that unless a correction is made, a variation 
df 7 mm. in prcs.surc »r of 3'’C. in tempcratui*e, introduce.s an error of 
about I per cent, in the percentage analysis of the ga.s. The most effeetive 
meaSs of minimising changes in temperature i.s to provide the measuring 
tube of the apparAtys with a watcr-jackel, and if possible to "run a current 
of wat^r of constant temperature,through the jacket during the test. 
In the more accuratp forms ryfyip^aratus in which mercury is used as the 
confining liquid, a compensating or “ correction” tu'fle is attached to the 
measuring tube by means of which the gas-volume.s are automatically 
corrected to normal tcmperatune and psessure (see p. 290). 

’ , • 

. • Solubility of Oases in Water. 


1 .* 

i 


Sulululity 111 Water. 

i (}rn ^ 

At O' 

At ]y 

At SO- 

. 

! • 

AcctvJeiie^ . 

A 1 fJO 

1-208 

0'934 

Ammonia ...... 

A 1299 

802 

695/28° 

Argon . . . , . 

A 0-058 

0 010 

0-030 

Carbyu diuxido ..... 

A17K1* 

1-U19 

0'66r* 

Carbon nion'oyile ^. 

A 0-0354 

0-0254 • 

0-020 

Chlorinp .. 


S 2-035 

1-769 

Cyanogen .• * . • • • 


a 4-05 

... 

Ethane . 

A a-osf; 

0'058 

O-Otrt) 

luhylcne . . . . • # 

A (J-2‘i6 

0-109 


Helium . . . . • • • 

A 0-0150 

, 0-0139 

0-0138 

ITydriodic acid . 


A 425/10" • 

517 " 

Hydrobiomic acid . . . 

S 012 

565 . 

Ilydrochlori^ucid .... 

S 506-7 * , 

458-4 

411-5 

Hydrogen . 

AO •0216 

0-0190 

0-0170 

Hydrogen siil])hidc . . 

A ■! 6^0 * 

3-0^6 

2-24 •! 

Methane . 

A 0-0556 , 

0-0309 • 

0-0276 ^ ! 

Nitiic oxide 

A 0-07* 

o-o.y 

0-040 ; 

Nitrogen . . * . 

A 0-0259 

0-0179 ♦ 

0 -01?.°-x-* 1 

Nitrous oxide . . » • 

A 1-05/5^ 

0-74 * 

0-63/20° 

OxygCTi. 

• A 0-0489 

0-0342 

0 -02G1 

Ozc^Je ^ . V • 

aO-64* 

•0'46 

0-19/32° 

Prypane.. 

« 

Aa-005/18" 


Propylene . . . . * . .• 

Sulphur dioxide '. 

a0'146 

!)-279 

• 

S79-8 

47-8 \ 

27-2 

Air. *. 

• 

* A 0-0294 

0-0205 • 

\0-0167 
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Tabular Numbers, being a Table to facilitate the Correction 

, represented by 6o” F. and 

t I 

Gas Voi.Umks .—The numbers tn this table are the volumes of gas saturated 
from the formula V V j where V is the volume^ 

, * Ij7.6i7(/m^) 

vapour pressure of ivater at t \ and t the 


23-0 

28-1 

28-2 

28-3 

28-4 


ThMi-KUA'n Kb:—F ahjiknhmt. 




— 

- --- 

1 - 1 - 

•- 

—. 



is* 

1 44- 

1 

1 46 ' 

i 

48 ' j 

' 50 ' 1 52 " 

54 " 

1 60 * 

57 58 ‘ 69 ' 00 " 6l 

62 


1-022 1-020 r031|l 'OScIl-O-iri 'O KH-Oal |l- 0:17 l-06211 •00:.|l'0ajjl'070jl'073jl-076 
Jl -018 1-023 r027|l-032 1-P'!7 1-012 1-0-lS 1-033 I -038,1-OOl'l -06 Ij' -OCO'l-0G9I1-072 
1-014,1-019 1-024'1-021 )!i -O34'i-039'i- 041 1-049 1-Ofijil-Of)? 


1-011 


1-015 1-020:1-023 1-030 1-O'lSj 1-0-10 ;i -01 .i; 1-050 1-oso 1-036 1-059 


l-007:i-OL2,l-017,I-021|l-0260-03i|l-030:ro42 1-047 
l-018!l-023'l-023'r033|l-03s[l-043 
l-Ol-ri-019 l-02l|l-029 li034,1 -039 


28-5 

1*003 

l-OOSl-013 

28-6 

1*000 

i-oor, 

1-009 

28-7 

■996 

l-OOll-OOo 

28-8 

■993 

-097'l-ooa 

28-9 

•989 

•991 

-999 

29'0 

■036 

■901 

-995 

29-1 

•983 

■987 

■992 

28'2 

■979 

•984 

■988 

28-8 

■976 

■980 

■089 

28-4 

•972 

•977 

■982 

29-5 

■969 

■974 

•978 

29-6 

■966 

•970 

•975 

29-7 

■963 

•967 

•972 

29-8 

•959 

•964 

■968 

28-9 

■956 

•960 

•9tr> 

30-0 

‘953 

■957 

•962 

30*1 

•950 

•054 

■959 

30*2 

•916 

•951 

^ -955 

80*3 

•913 

■948 

' -952 

30-4 

■940 

■945 

•949 

«0-6 

•937 

•941 

•946 


•934 

■938 

■913 

30^^ 

,-931 

■935 

■040 

80-8 

•928 

•932 

1-937 

30*9 

•925 

■929 

■933 

81'0 

•922 

•926 



l-01l|l-015:i-020! 


1-007 

1-004 


l-012'l-017 
l-008'l-013| 


1-000 roo 5 ji-oioT-Mr. 
-997 1-001 1-006 1-011 


f' 

i- 025 ir-o 30 A-(i:iii 
l-022'l-027'l-032j 
1-018*1-023'l-t28' 

1 Wl'0§. 


•m 

•990 

• 98 t) 

■933 

•980i 

■m 

■973 

•970! 


•960 

■903 

■900 

■957 

■953 

•?po 


1’027 
l'01H:l'02lll*024 


•9981 ■0031 -OOSll -OlOil ■O^S 1 -020 I ■023|l ■0‘2*)il *0281 


•991 

•991 

•983 

•984 

■981 

'978; 

•974| 


' 999 |l -004 r 009 jr 0(4 
99f)|l-00n-00lil^011 
99'J! -9971 ■002il-007 
• 994 ; -999 


•989 

■980 

'982 

•9791 


971 

903! 

901' 

961j 

958| 

rJ 


•947j -952 
•9111 -949 
•9Il| -945 
•938 ^'942 

--' 

• I 

•935j *9391 

-\ 


•944 


•990! 

■9S7| 

■984! 

i 

’9sn 

' 977 i 

■97-1 

■970| 

•907 

'904| 

•901 

*-95S 

•955 

•951 

•948| 


995 

902 

988 

•985 

■982| 

•9791 

•975 

•97-2 

•969 

■906 

•902 

•959 

956 

•953 


rooo i^ 06 ’j| 


r049!l’052 1 ■055 
1*040 VOlill-051 


ror 2 ,roi 5 | 

1 'OSS 1 ■041 


r03r.^037il‘040|r043 [■0-45|l^048| 


1’031 1^034 


1-017 


1-047 

1-014 


1-005 1-008 


■001 I-004ll-007| 


I ■063] 
1-059 


1-0571-000 
1- 054 : 1 -056 
1-050 1-053 1-055 
l'0-loll-019 l'052i 


1-036 


1 *03911-O'l'i 1*044 


1-078 
1 -075 
1-071 


l-030 1-033|l;035|l-038|l-0-n 
l-02() l-029,'Wd2,l'034il-037 


1-019 1-0*J2|1'024; 


1-031 1'033] 
1'027!i-030| 
1*023 1-026 

l-010|r012.'l-015!l*017|l*0‘20^1'023! 


1-013 l-010'r018;i-021 


l-004|l-000jl-009| 

l-000;i-003;l-005 


•997 

•993j 

■990; 

■V.8/, 

■983j 

• 980 j 

■977; 

•974! 

■9701 

■967j 

■964I 

■96ll 

•958 


1 - 00 : 

•998 


■992, -99, 
'989! -9921 


•9881 

■985 

■982 


976: 978, 
973 -9751 
970 •972! 
966 ! ‘seol 
963' -9661 


■9601 


•962| 


i’Ollil-014 


1*008 

1-004 


I'OlO 

1*007 


l-OOlil-OOJ| 


094 , 

991 

987 

034 

981 

978' 

07 

071 

908! 


I *016 
1*013 
1-009 
1-006 


•965! 


' ! 

i-oo0:roo3 

r005 

•907 

■999 

1-002 

•993 

•996 

•908 

*900 

■092 

■995 

•9o/ 

■989 

■992 

•9S3 

■986 

■988 

■980 

■983 

■986 

•077 

■979 

•982 

■974 

■976 

■979 

•070 

•9’/-3 

,•076 

■967 

•970 

•972 


1-019I 

i-010 

1-012 

1-0091 


^ From the ueftiheatiou of Gas Referees, 1918, by 
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TABLE FOR CORRECTION OF GASEOUS VOLUMES 239 

. ( 

of Gaseous Volumes measured Moist to Standard Conditions 
30 inches of mercury pressure.! ' 

wHk water vapour at different tciiiperatiires and pressures. They arc calculated 

h the pressure of the gas in incites of mercury, a the 

• > 

temperature on the iHihrenheit stale. 

j f 

Te.mi’luai uui';—FA iiKi-Nm;i r. • 

C3’ 1 64- j 65 - I C6" j ^67- j Ob' 69'» j 70'’ j 72- j 74’ j 76" j 78’ j feo" j 82' j 84' 

■■ I “I j' I"* .'■.»■"!.r.”'i I '”1' 

28'0 1 -031 1-084,1-os;,!-090 I-OD-^ 1 ’01)0 1-099 1-102 1-JOS l-Hf) I’121 1 •12S 1 •] 35 1'1 

ill II' I I 

» 28-1 1'077.1-080.l’i)83^1’p36jl-OS9V092 l-OOT) I'OOS Moi,,!-Ill lil7 I-121,1’13111-138 1-145 
28-2 t'07-l|l-O76|l-07l)'l-OS2:i'0iJ.i 1-038 ^091 l'0i)l!l'1001-107 1-113 l-120jl-lll7il-l:!l l-HI 
2^3 I '070 1-072:1-075'I-078 r0,3l 1-0,3’l l*'0S7|l-0!i0|l'0!)iil '103 1-109 I'liei'l^sll'i:)0 1'1;J7 
28-4 I '0(iGil'0S91;()7l'1-074 1-077 1'O.Soj'l''OS3Vo^iiil'0!)2|l'090 1-105'I '1 lil|l'118 1'12,-| 1-133 
28 5 l'O0'3!l'0G.5|l'OiB!ro70 1-073 1-070 1'079 I'OS'i'l'0,38'1'095 I'lOljl'lOsIl'114 1'1'311'128 
28'a*l'058ll'0(il l'004|l'007 1'070 ro72|»'075jl'078,1 '0,Sl|l'09l l'097jl'104[l -no 1-117 1'124 
28-7 I'05-U'0j7 l-OG'n-OOH l'06l>l*0G8|l'07-3H'075|l'0,Sl;l'0S7;1'093.1'100 1'106 1'113 I’l'JO 
28-8 l'00l|l'053 1'0561'059 I '06'31 'OGfl'0113 1'07 ijl'077|l'0S:71'-OSOil'090 1'102 1-109 I'llO 
28-0 1-0471-050 1 'OOIM '055 I'OjSfl '001 1'064 1'067 1'073 1'079 1'OSSjl'092 I'OOS 1'105 I'll'J 
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f . 

In technical gas analysis, water, and occasionally aqueous solutions, 
ire used as the confining liquid, and no correction is made for the 
solubility of the gases. The table'on p, 237 gives particulars of the 
solubilities of various gases dn water, ,so far as these have been 
determined at the temperatures specified. 

The symbols A, S, and a in the table on p. 237 are used with 
the following significance. Winkler draws a distinction between the 
terms coefficients o'' absorption and solubility. The solubility is 
indicated by S in the table, and is "that volume of the gas (reduced 
to 0° C. and 760 mm.) which is dissolved by unit volume of the solvent 
(water) when the total pressure at the surface of the liquid (f.c., pressure 
of gas + vapour pressure of water) is 760 mm. The coefficient of 
absorption. A, he defines as the volume of the g.ts (reduced to 0' C. 
and 760 mm.) dissolved by unit volume of the .solvent (water) when 
the pressure of the gas alone .is 760. mm. Winkler also points out 
that the vapour pressure of the,solvent in contact with the solution 
may differ from its value when the solvent evaporates into an other¬ 
wise vacuous space, on account of the prc,se,nce of the gas in the liquid, 
or for other reason^!' a denotes the coefficient of absorption as the 
term was used by Bunsen, and is the volume occupied at o” C. and 
760 mm. by the gas contained in unit •.olume of the solution. -The 
respective symbols S, A, and « in the table'apply to all the solubility 
data given for the respective gases for all the specified tempefature.s. 

The error introduced by solubility is sometimes compensated by 
previously saturating both the confining liquid and the absorption re¬ 
agents with the gas to be analysed, or with gas of similar composition. 


GENERAL METHODS OF GAS ANALYSIS 

The various methods employed in technical gas analy.sis. may be 
classified as follows:— - 

1. Method of Direct Absorption. —Some gases are determined 

by direct absorption by certain reagents, the diminution of 
the volume indidating the quantity of the gas in question 
present: 

2. Method of Indirect 'Determination. —Combustible gases are 
’ frequently, determined by explosion, or by combustion at a 

high tempejature, with- excess cf air or oxygen. The 
■ components are determined from the diminution in volume 
after explosion or combustion, the quantity of carbon dioxide 
formed, and the fluantity'of oxygen consumed as determined 
by‘absorction Of the residual ox)gen. 

Oxygen may be determiner} by explosion with excess of 
hydrogen when oVher combustible gases arc absent. 
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Fractional Combustion .—Certain gases can be determined by 
fractional combustion, usjng an oxidising agent cither with' 
or without a catalyst; at a carefully controlled temperature. 

3. Special Methods of 'petermination. —The above methods are 
not generally applicable when it is de;^ired to determine gases 
present to the extent of 0-2 per cent, or less’ in gaseous 
mixtures, and special methods giving a high degree of 
accuracy are thin employed. \ 

. 1 . Direct I>iiTEKMiNATioN liv Absorrticn 

lJunsen absorbed the constituents of a gaseous mixture by means 
ef various solia' reagents shaped into bullets and attached to a 
platinum wire. Occasionally ^the absorbent was employed in the 
fornT of a solid medium impregnated with a liquid absorbent. These 
solid reagents ni'e.now very seldom u.scd. In all modern apparatus, 
gases jWhich arc to be determir^cd by direct absorption arc brought 
into intimate contaft with the,.appropriate liquid or dis.solvecl absorbent 
in an absorption vessel, separate from but having connection with 
the measuring vessel. The > following are the absorbents principally 
emplcryed for the absorption of the gases specified, which arc arranged 
in alphabetical order. * ^ ' 

ATcetylene is absorbed in an ammoniacal solution of silver chloride 
prepared by saturating pure concentrated ammonia solution (sp. gr. 
o-88o) with silv^er chloride freshly precipitated from the nitrate. 
Ammonia left in the gas after the absorption, is removed by dilute 
siil[Auric acid before any measurement is made. 

Amruonia is best determined by titration, provided a sufficiently 
large sample of g,as is available (sec p. 312); but if the sample avail- 
able-i.s. sipall, the ammonia present mtiy be detcrnjipcd by absorption 
by a ,10 ]Tcr cent, solution f>f sulphuric acid. Great care must be 
taken thaT tine gas is not absorbed by traces of moisture in different 
parts of the* apparatus. »it musE .also be remembered that the 
solubility of gases such *as carbon dioxide ha the 10^ per cent, acid 
is considerable, and that r» high result may be obtained unless the 
absfJTption is carried out quickly and wiEhh small volume of absorbing 
solution. ’ ’ , . _ 

Benzene Vapour is al^sorbcd by ion'centrated sulphuric acid don- 
taining from '95 to 97 per cent, of sulphuric acid. ^ When b^'n/ene 
vapoiy and ethyltne, togethey with their homologues| are present in 
the'gascOus mixture, ;',nd it is unnetessary ,to differentiate between 
thdse constituents, tlfcy mty all be absorbed tcgfi|lier in bromine 
water. Concentrated sulphuri^ acid also absorbs propwlene and the 
higher olefines, but not ethylene. The use <)f fuming ^phuric acid 
• - \ n 
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(containing about lO per cent, free SO3) is sometimes recommended 
’Tor the absorption of benzene and the o'efines. 

If the absorption be effected by concentrated or fuming sulphuric 
acid, shaking' must be contihucd for three to five minutes to effect 
complete absorption, and before re-measuring, the gas must be passed 
over potassium hydroxide solution to remove the vapours of sulphur 
dioxide, etc. Where a large bulk of fuming acid is employed, as in 
the Hempel apparatus, oxygen, if present,' is absorbed to a small 
extent, probably by the compounds'formed from the hydrocarbons and 
sulphuric acid; it should therefore-be removed previously. 

The absorption with bromine is carried out with a solution of 
bromine in water or in potassium bromide solutioil. The olefines arc 
very rapidly converted ' into dibromides, but 'the aromatic hydro¬ 
carbons are not chemically acted oh by the bromine, their removal 
being simply mechanical; a period of three minutes should be allowed 
for their absorption, and at the end of the time the gas should still be 
strongly coloured with bromine vapour. Before re-measuring, ihc gas 
must be treated with potassium hydrottide to rcinove the excess of 
bromine vapour. 

The separate determination of olcfirtes and of benzene and its 
homologucs by special absorbents has ‘frequently been proposed, but 
most of the methods have been shown to be quite unreliable. Benzene 
vapour may be estimated by_ absorption with an ammoniacal nickel 
nitrate solution, but only when the gas analysed also contains hydro¬ 
cyanic acid, the compound formed being CjII,;. NM^. Ni(CN)o. Dennis 
and M'Carthy' have recommended an ammoniacal solution of nickel 
cyanide, prepared as follows;—A solution of 25 g. of potassium cyanide 
in 25 c.c. of water is added to a solution of 50 g. of crystallised nickel 
sulphate in 75 c.c. of water, 125 c.c. of ammonia (-p. gr. O'Pl) added, 
the whole cooled ‘'o o', and poured off from the separated potassium 
sulphate; 18 g. of citric acid in 10 c.c. o''water is added the solution 
again cooled to o” for ten minutes, decanted from potassium sulphate 
crystals, and a few drops of benzene thenvadded and shaken till com¬ 
bination takes place, as’ thc solution is much more active after it has 
absorbed some benzene. The gas must be well shaken with the 
reagent for at least three minutes, and before remeasuring must be 
passed into dilute sulphuric acid to remove ammonia. The solution 
has no action on cthvlene or on'carbon monoxide ; the former may be 
est'mklcd by absorption with bromine or fuming sulphuric acid after 
the removal of the benzene. The small quantities of benzene liomo- 
logues present are not absorbed by thq reagent, but their amount 
rarely exce'eds o fper cent. Check tests gtven by Dennis and M'Carthy 
show good s.^r.eement with the theoretical figures, but a wider 

^ J.' Amer. Chem. Soi.^ 253. 
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experience with varied gases is necessary to establish the general ^ 
applicability of the method .) • 

In the analysis of a complex gas mixture such as coal gas, the 
absorption is best effected by sulphuric 'acid, as this absorbent can 
be used at an early stage in .the analysis, before any of J;hc benzene 
has been otherwise removed. ^ 

Special methods for the determination of benzenq are described later. 

Carbon Dioxide. —The absorbent mostly employed is a .solution 
of one part of potassium hydroxide in two parts of water; .contact for 
one minute is sufficient few complete*absorption. 

This reagent also absdf-bs hydrocarbon vapours, such as are present 
in coal gas, carbufcttcd water gas, and oil gas, thus making the rc.sult 
for carbon dioxide from o-i to 0^4 per cent, too high and that for the 
unsa^urated hydrocarbon.s (chiefly benzene and its homologues) too 
low. This effect can be avoided by usihg a more dilute solution (l : 3) 
and not shaking thb gas with the rcagcilt. 

Ca?bon Monoxide. —The ab.torbcnt solution used for this con¬ 
stituent is cuprous thloride fn'aeid or ammoniacal .solution ; the latter 
solution is most frc(]uently employed. Oxygen and ethylene are 
absorbed by thp acid solufion, and acetylene, in addition, by the 
ammoniacal solution; thesoiconstituents must therefore be removed 
before the e.s'timation of the carbon* monoxide. 

The acid solution is prepared by dissolving 100 g. of crystallised 
cupric chloride in 500 c.c. of concentrated hydrochloric acid diluted with 
an equal volume af water, and allowing the solution to stand with an 
excess of metallic copper until colourless, 

• th e acid solution cannot be used in contact with mercury, and, 
mnreovef, Drehscjnnidt ‘ has shown that, after prolonged use, the acid 
solution is a less efficient absorbent than the ammoniacal solution. 

For thcj«amyioniacal solution required in tho'Ilcmpel or Orsat 
apparatus, a •very active sohftion is obtained by Winkler’s method of 
preparation. A stock solution is,made up by dissolving 206 g. of 
cuprous chlori'de and 250 g. flf arnmomum chlo.ride in 750 c.c. of water; 
this solution is kept in a rubber-.stoppered bottle with a» few spirals of 
cou Dcr wire. When rc<iuircd for use tins solution is mixed with one- 
third of its volume of ammonium hydfO-xiric of sp. gr. 0-905. 

For use in apparatus in which only admail volume of the reagpnt 
is employed, IJone recomiiibnds the Allowing method, of preparation. 
Fifty to seventy ^rams of white cuprous chloride ar^ suspended in 
250j:.t. of water containing 4 o to l g. of ammonium chloride, and 
ammonia’gas passed int6 th^ liquid (air being’excluded) until no more 
solid dissolves and the solfition smells distinctly of ammonia. A 
further quantity of about 5 g.»of cuprous chloride i& ti'.en added, the 
' Bii-., 1887,20,275J, and 1888,21,2158. 
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liquid well shaken, and stored in bottles closed with a rubber stopper; 
after a few hours the solution should cease to smell of ammonia. 

Solutions which have absorbeci carbon monoxide give off some of 
it to indifferent gases, an c(fuilibrium being always obtained for the 
carbon monoxide contont between the ,gas and the liquid. For the 
complete removal of the carbon monoxide from the gas, the latter 
must therefore eventual.'y be treated with a solution containing very 
little absorbed gas, >' Where small quantities of the reagent are employed, 
two absorptions with different portions of the fresh solution are always 
used ; with the Ilcmpel and simil&r apparatus two absorption pipettes 
are used in succession, the sbeond containing solution which has 
absorbed only small quantities of carbon monoxide. As soon as the 
treatment in the second' pipette shows an absorfjtion of more than 0-4 
to 0-5 per cent., the first pipette is recharged with fresh solution and 
used for the final absorption, tlK pipei'te previously used for this purpose 
being then employed for the fir.st absorption. -• 

Ethane and the higher paraffins can be approximately deteemined 
by absorption in absolute alcohol, usii'.g'tvater subsequently to remove 
the alcohol vapour. These gases a^e determined most accurately, 
however, by explosion or by fractionaf combustion under certain 
conditions, ’ '' , 

Ethylene.—As' already meritioned, both benzene _vapour and 
ethylene are completely removed by the action of bromine, but 
whereas the latter combines with bromine to form the stable com¬ 
pound, ethylene dibromide C^H^Br.,, benzene vapour appears to be 
mechanically removed as a mixture of bromine and benzene, or possibly 
as a very unstable additive compound, which yields up the whole of its 
bromine to any substance which reacts readily with bromine, such as 
potassium iodide. Haber and V. Occhelhauser have based a method 
for estimating eahylcnc, and indirectly benzene, in coal gas -on this 
difference of behaviour (sec p. 297). * 

Taf)lay * states that if the aqueous solution of bromine is employed, 
the olefines may be separated' from be'ii'zcne, while the potassium 
bromide solution absorbs benzene. 

If carbon monoxide is absent from the gaseous mixture, fuming 
nitric acid may' be used to absorb benzene and olefines. 

, Hydrochloric Arid and the other halogen acids are best determined 
by ^titration. Bunsen used solid-sodium phosphate to absorb them. 

Hydrogen.—This gas is almost always determined by combustion, 
but occasionally Hcmoel’s method oF absorption by palladium is 
employed (see p. 269); I’aal and Hartmtinn ■ have shown that 
hydrogen ’ may <-' 51 so be determined by*'absofption with a .solution 
prepared by dissolving 2-22 g. of colloi'dal .palladium (containing 67'36 
' J./as Liihung, “ jS'ir., I910, 43, 243. 
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per cent.= i'5 g. Pd) and 2-']\ g. of sodium picrate in 125 c.c. of water, 
the solution being placed in ; Henjpel or similar pipette. The absorp-’' 
tion is somewhat slow, requiring ftom ten to twenty minutes, with 
occasional shaking. Carbon dioxide, heavy hydrocarbons; oxygen, and 
carbon monoxide must be previously removed^ as also sulphur, phos¬ 
phorus, and arsenic compounds, which destroy the cataly1:ic power of 
the palladium. ’ 

When the solution becomes inactive, the palladiu'in may be recovered 
by carefully adding dilute sulphui'ic acid, drop by drop, so long as a 
precipitate forms, avoidigg an exce»ss. The precipitated palladium is 
filtered, washed, suspendcul in a smalh quantity of water, dissolved by 
gradual addition, of sodium hydroxide solution and sodium picrate 
Sgain added.^ 

K. A. Hofmann^ rccommenfla the use of platinum and palladium 
activated by a solution of sodium.ichlorc.te containing osmic acid. 

Nitric Oxidt? .vuay be determined by converting it to nitrogen 
peroxifie with excess of oxygep, the peroxide being absorbed by 
potassium hydroxide and the gxcess oxygen by alkaline pyrogallate 
solution. Mixtures of oxides pf nitrogen arc best determined by 
titration. • 

Ojtygen,—Either alkaline ^yrogallal or phosphorus is used as the 
absorbent. •I'he pyrogallol solutiondS made up by dissolving 20 g. of 
pyrogallol in 500 c.c. of potassium hydroxide solution (r : 2), or by 
mixing l volume of aqueous pyrogallol (l : 3) with 5 volumes of 
aqueous potassium hydroxide (3:2); this large excess of alkali is 
necessary, as otherwise an appreciable quantity of carbon monoxide 
ma^ be formed when gases rich in oxygen are passed into pyrogallol.^ 
Eor-’tho analyses of oxygen prepared by Brin's process, Clowes^ 
found the most suitable absorbent to be a solution of 160 g. potassium 


hydroxide^and 10 g. pyrogallol made up to 200, v.; it is claimed 
that no cvSltjtion of carbon raonoxide occurs when using this solution. 

P'or *chnical work, sodium rather than potassium hydroxide is 
frequently preferred on aocount ofi economy. Orsat’s reagent is a 
mixture of a concentrated solution of 25 g.’'pyrogallol and 150 c.c. 
25 per cent, .sodium hydroxide solution. Jones and Mcighan'’ have in- 
veSfi^te^ the efficiency of sodium pyrogallate solutions for oxygen 
absorption, and find'that the rate of absorption iacreases with dilution 


of the sodium hydroxide, aad is, morepvdr, proportional to the conten- 
tration of the pyrogallol for a constant concentration df the hydro-sfide. 
All sadium pyrogallate solut^ns evolve carbon monodcide when used 


‘ Brunck, Chem.Ztit,, 1910, J \, 1313, 1332 - 
2 Bcr., 1915, 48 , 1565 ; 1916, 49 , 1650. 

2 Cf Hempel, Ber., 1885, »8, ; Clowes,/. Soc. Chent. Ind., 1896, 15, 170. 

* B. A. Report, 1896, p. 74>. “/• BmfEng. C/um., 1911, II, 311. 
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for the analysis of gas samples containiijg more than 95 per cent, of 
oxygen. For air analysis, the sodjum 1 ydroxide solution employed 
should have a sp. gr. not less than 1-30. A solution, which while 
highly efficient as an absorbent evolves a minimum of carbon 
monoxide, is made up as follows; The stock hydroxide solution is 
made by dissolving sodium hydroxide sticks in an equal weight of 
water; the stock pyrogallol solution contains i part of pyrogallol in 
3 parts of water; for use, 5 parts of the hydroxide solution arc mixed 
with 2 parts of the pyrogallol soluticn. 

Phosphorus is a very energetic absorbent for oxygen, Lut its 
action is hindered by traces of certain gayes and vapours, suen as 
the unsaturated hydrocarbons, phosphoretted hydrogen, ammonia, and 
alcohol vapour; the absc'ption is very slow below- 14°. This reagent is 
used in the form of thin rods, surrounded by water, in the pipette for 
solid absorbents, shown in Fig. 141,, The phosphorous oxide fumes 
evolved in the ab.sorption are removed by passing the gas into a 
potassium hydroxide pipette, after the,absorption of oxygen is copiplcte. 
The water in the pipette should be rjiiiev/ed from, time to time, as it 
becomes saturated with phosphorous^ acid, and when not in use the 
pipette should be kept in the dark to .avoid the formation of the 
inactive amorphous phosphorus. Trave.s’ suggests the absorption of 
oxygen by phosphorous vapour'when combustible gases , arc present. 
This method has been employed by Watson* and by Aston* for the 
determination of the oxygen content of the air. 

In the case of coal gas and similar mixtures containing vapours 
of unsaturated hydrocarbon, H. G. Colman * found that the mo.st 
accurate results for oxygen are obtained by using bromine for the 
absorption of the hydrocarbon vapours and phosphorus for- the 
absorption of the oxygen. . 

Sodium hydrfjsplphite has also been proposed as an aljsnrhent for 
oxygen;* it is cheaper than pyrogallol, and absorbs oxygen equally 
readily at various temperatures. The solution is prepared by dissolving 
50 g. of the salt in 250 c.c. of water and.-adding 40 c.c. of a sodium 
hydroxide solytion, containing 500 g. of alkaii to 700 c.c. of water, and 
is used in a pipette fitted with rolls of iron gauze. The absorption 
takes place according to the equation :— 

■ '>4a2Sp,-i-H20-H0-2NaHS03. 

“ “ C C 

Tin' ab.sorbent frequently used for commercially prepared oxygen 
consists of copper wire kept clean and moist by means of a solution 
composed of equal volumes ot, ammonia (sp. gr. 0 930) and of a 

i. I. ^ - 

^ The Expev!hental Study of Gases^ 1 90 1, p. 83. 

2 J. Chev^ So(., 1911, 99, 1460. 'i Ihid.y 1919, II5, 47a. 

‘‘ Privc^'.e comraunicatioiu Vf. H. Franzen, lier.^ 1906, 39, 2069. 
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saturated solution of commercial ammonium carbonate. Oxygen is 
absorbed by the exposed surface ,of moist copper, and the sub-oxide' 
formed is dissolved by the ammonia iolutioii.^ 

Propylene and the higher olefines are absorbed by 'concentrated 
sulphuric acid (see Benzene, p. 241). 

Sulphur Dioxide is readily absorbed by potassium hyclroxide solu¬ 
tion, and may be thus determ’ined, provided carbon dioxide be absent. 
If carbon dioxide and sulphur dioxide be both preselnt, the latter may be 
titrated with iodine solution (see p.'304 et seq.), or it may be determined 
by absorption in a sohjtion contidnihg 450 g. of chromic acid per 
100(5 c.c. of water, to wdiiah 450 g. of,phosphoric acid (sp. gr. 1-70) are 
added. The solution is brought to the boil and cooled before use. 

• Sulphuretted' Hydrogen. —This gas is be^ determined by titration. 
If only a small sample of gas j.s* available, the determination may be 
carried out by volumetric absolution .in an acid solution of copper 
sulphate, or of cidmium sulphate or ihloride. More accurate deter¬ 
minations, more especially of jmall quantities of this gas, arc made as 
described later (see.p. 304 chsvq^. 

The order in which the several nhsorbents are employed in the analysis 
of a 'gaseous mixture neejls’careful'consideration. The choice of 
alternative absorbents will depend, iif part upon whether any particular 
consfituent is being especially detcrminijd. No general rule can there¬ 
fore be made as to the order in which the respective absorbents arc to 
be used. For cpal gas, which is typical of the most complex gas 
mixtures that may be met with in technical practice, it may be noted 
that Rhead and Wheeler'- employed the following reagents in the 
ordef stated :— , 

A\>'<orbt'nt. 

10 per cent, sulphuric 
Concentrated sulphuric acid. 

Acid soljjlion of copper sulphate. ' 

33 per»ccnl. potassium hydroxide solution. 
Alkaline solutioi^of potassium pyrogallatc. 
Ammoniacal solution of silve;- chloride. 
llrominc-poV^ssium bromide solution. 
Ammcyiiacai solution of cujn ous chloride. 

^ # 

Hydrogen was absorb(¥d from the residue by means of oxidised 
palladium. Methane and ethane were determined b)/ explosion with 
oxygen. * ^ 

’ See 3 'horpe's Dicfiotuiiy^ IQiSi 4 ’ 44 * 

• 2 y; c^fm. .SW., 1910, 97 , 1923. 


Constituent. 

Aimndiijl . * . 
llehzcjgi (inul higher olefinosV*. 
Sulphuretted hydrogen 
Carbon dioJtide . . • * * 

Oxygen . . . 

Acetylene • . . • • 

P .... 

Carbon monoxide 
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2 . Indirect Detern^nations. 

Many gases are determined indirectly by exploding them with 
another gas, and noting the alteration in volume, or the volume of the 
products of the explosion, or by observing both these results. Thus 
hydrogen may be determined by explosion with excess of air or 
oxygen; oxygen may be exploded with an excess of hydrogen. In 
each case the con.raction of volume is determined on explosion. 
Methane may be exploded with ah' excess of air or oxygen, and the 
contraction noted together with The furthe- diminution of volume 
which occurs on absorption of the carbon' dioxide produced. The 
volume of oxygen used up in the explosion is sometimes determined 
by absorbing the excess.' 

In addition to the explosion method, the slow fractional combus¬ 
tion of a combustible mixture containing an excess of oxygen may 
be effected by means of metallic palladium. ' 

In a third method of combustion, originally introduced by J.tcger,' 
the fractional combustion is effected i.i tile presence of copper oxide 
at various temperatures (see p. 260). 

The following considerations apply to ^11 results obtained by any of 
these methods of combustion. ’ 

CHANGES IN VOLUME BY COMBU.STTON. 

The volume of combustible gases to be estimated is in a certain 
relation to the contraction in volume re.sulting from the combustion (c), 
to the carbon dioxide formed on combustion (COj), and to the sum of 
the hydrogen contraction plus carbon dioxide (total contraction C). 
The volumetric relations are shown in the table on p. 249. In the 
graphic representation of the volume changes, the squares enclqsfid by 
dotted lines denote the volume.? which disappear by cont;uction, and 
the darkened squares the carbon dioxide formed by combustion. 

Hence the volumes are as follows:— . 1 

K -|r(or|C) 

' CO = COo, or 2 c, ir ?,C 

CH., I—' CO.„ or -U, or jc 
, C.H ,5 - or fq or j;C 

C.jH^ ^ iC0,„ or Jr, or JC. 

If only one combustible gas be present in the mixture, in the case 
)f carbon monoxide and of methane, their volumes may be deduced 
:ither from the contraction r, c'ue to the carbon dioxide fdrmcd, or 
from the total contraction C. The latter gives the more accurate results 
chiefly because the volume readings are.larger. 

’ J. Gasheleuckt., 1898, 41^,^76^. 
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3 Vol. 


1 Vol. 


2 Vol. 
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2,Vol. 
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1 Vol. 
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2, CO i 1 Vol. 
CO 


--Ctl, 


2 Vol. 
C.,1I, 


2 ^iol. 


1 Vol. 
C,II.‘ 


■ CJT„ 


1 Vol. 

cn. 


o-.'l Vol. 


Jr lO'oVol. 

=c.,nji cji. 


! Vol. 


3 Vol. 


3 Vol. 


9 Vol. 


4 Vol. 



8C = H 


§C = CO 


iC 

= CH. 


iC 

= C,H, 


* 

JC 

= C.,H. 
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I 

• Gaseous Mixtures with Two gr Th|-ee Combustible Gases. 

If methane and carbon monoxide are both present, neither of them 
alters their volume by oxidatiin to carboudioxide, so that the following 
relation holdj:— • r 

■ I vol. CO., “ I vol. CO, or I vol. COo r vol. Cl I,,. 

” f 

A contraction results, however, owing to the oxygen taken up in the 
combustion, which must be subtracted from the contraction c, to obtain 
the nett contraction due to hydrogeh. 

(iz) Hydrogen and Carbon Monoxide. — i'o the volume of carbon 
monoxide as ascertained ( = vol. of CO.^ formed) there corresponds a 
contraction, due to the disappearance of oxygen, equal to half the 
volume of the CO.^. This must be subtracted from the contraction c, as 
found, in order to obtain the conttaction due to hydrogen. The 
volumetric relations are therefore:— 

CO = COo ' 

and II - (r- lC\).,jl! 

Rxanipli' (Mixture of Hydrogen, Carbon 'Monoxide, and Nitrogen);— 
Volume of Gas mixture rt.ic.c. 

I, Air added" y 7 .S ,, 

, Total . I iS.6 c.c. 


After combustion = 102.i c.c.; contraction c = 16.5 c.c.; H — 
9 -S 3 c.c. 

After CO,, absorption = 97.7 c.c.; carbon dioxide = 4-4 c.c.; CO 
4.4 c.c. 

If, after absorbing the CO,^ formed in the combustion, the total 
contraction C (=•'■+CO,) be considered, the volume of CO-'^f course, 
remains the same (= vol. of CO.^). 

On the other hand, the volume of 11 = 5C —CO., 

Since, according to the first equation, t ‘ 

II = (c-ICO,)i ^ 
and C = r + CC.)., 

C =; C-Cdj 

therelorctl - (C - CO, ~ (.CO,);; - (C - ICO,);; = ^C CO,. 

Applying this to the example ;— 

Contraction = 16.5 c.c. .. ' 

Carbon dioxide = 4.4 ,, • CO = 4.4'c.c. 

Total contraction C = 20.9 c.c. '' ' H = 9.53 n 

In mixtures containing hydrogen and either carbon monoxide or 
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methane, provided that theltotal volume V of the combustible gases 
Is known, the calculation .pn th? basis of the foregoing is muclv 
simplified, since the volume of carbon monoxide or methane is equal 
to the ascertained volume of carbon diexidc, whilst the difference is 
due to hydrogen :— , 

CO or CH,| - CO., 

= V-COj. 

(b) Hydrogen, Carbon Monoxide, and Methane.—The volume of 
these constituents can be calculated if their total volume V (combustible 
portion) is known, a valift; which, in technical ga.s mixtures, is obtained 
from the estimation of ftie accompanying ingredient, nitrogen. The 
calculation starts' from the known nitrogen content, Xq of the air 
added for the combustion—?>., the volume of air x 07905. After 
corqbustion, followed by the absorption of the carbon dioxide, and of the 
excess of oxygen added from the air, thc're remains a volume of nitrogen, 
N,, which is at fehst as large as N,. The difference. No—N,, give's the 
nitrog'en, N, present in the origirfal volume taken, R, whence the volume 

of the combustible'gases is ' 

V- - R - N. 


It'then follows, a^ alreacjyjshown, that— 

n' - y,- ct>.„ 

CO =- iCO.,+v-;;c 
and CH, - (CO., + r):( - V. 


Starting again from the total contraction C, and substituting the 
equivalent value (C-CO,) for c in the above equation, the following 
.simplified eejuations are obtained ;— 

' tl - V CO., 

‘ CO -CO„HiV-:;C 

*--5 . CH,-tC-V. 

Or, ^ adopting thb following notation, 


Vdlunie I. -• Ga* residue (R) + air. 

„ 11 . = Residue after explosion. 

III. = Residue alter exiilosion and absorp'tion of COo. 

IV. Residue after absorption of the excess O. 


C . = Vol. I.—Vol. III. 

CO,*- „ IE— „ III- * 

N,,‘ - „ IV. 

n" =* N.,-N^(N,-air-x 79.05). 

v’ - R-n: 

(c) Methane and Etltane^— When the gaseous mixture contains 
higher homologues of methane, calculations'are more complex. In 
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a mixture of hydrogen, carbon monoxidj', methane, and ethane, the 
'hydrogen and carbon monoxide ary first!' removed by absorption with 
Paal’s colloidal palladium solutiofi (p. 244), and ammoniacal cuprous 
chloride solution respectively, or may be together determined by a 
process of fractional (jombustion at about 300" (see p. 261), the 
resulting carbon dioxide being absorbed. Methane and ethane can 
then be determined by combustion at about 900° with subsequent 
absorption of the ca.rbon dioxide (see p. 294). ‘ 

From the_table on p. 249 it is seen that methane gives its own 
volume of CO,, and a total conttaction of twice it.s volume, whilst 
ethane gives twice its volume of CO.^ and total contraction ol 2-5 
times its volume. If ,r and y represent the volumes of methane and 
ethane respectively, then’.— 

X -v 2y - vol. CO,^ formed (COj) 

2.v + 2.5_v “ Contraciion (C). 

«ence, ' CH/- ((CO., - ®C). 

C^H,, = Hire-CO.,). 

In coal gas with the carbonising'temperatures now usually em¬ 
ployed, very little, if any, ethane is generally present, but with lower 
carbonising temperatures, and also when oil gas and carburetted 
water gas are added, appreciable amounts c.' ethane are oFen contained 
in the gas. 

{d) If more than two pampas are present in a gaseous mixture, the 
respective quantities cannot, in general, be determined. It may be 
noted that, on explosion, a mixture of one volume of Incthane and one 
of butane would behave in exactly the same manner as two volumes of 
propane. The nature of the paraffin constituents of such gaseous 
mixture can be estimated from the ratios of the contraction ot volume 
on complete combustion to tho_ volume of carbon dioxide produced 
on complete conibustion and to the oxygen used up i.i the.'lxprosion. 
For the paraffins these ratios are as follows :— , . ' 


' 

Contraction on Copiplcte Combustion. 

r 

Volume 0 . COo 
produced. 

Oxygen, 

Methane ^ ^ . 

2-000 

1-000 

F.iliane ..... 

1 -250 

0-714 

Propane ♦ . 

1-000 

O-GOO 

(Uitane. 

0-875 

0-531 

Pentane. 

• 

0-800 

0-500 


rgess*" and Wheeler' ascertained the nature of the paraffins 
derived from the .distillation of coal by calculating the number of CHj 
^ J. Chem. Soc.^ 1914 , 105 , ^33- 
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groups present in unit volu jie of the mixed paraffins in the following 
manner. Consider a voluml V o,f a mixture of paraffins to consist of' 
tuCH^ groups and wCflj groups. 

The complete combustion of a volume V of the mixture is repre¬ 
sented by the equation ;—■ , 

(otCI f,. «CHj) + + i.Sii)().^ - {ill H- n)CO.^ + {2111 + n)li.p. 

Hence, contraction on complete combustion = iii 2111 + i. ^11 - {m + n). 

' 2m + o.y^. 

-- c 

■> CO.j proiRicctl -- m + 

. (.> .M 2 C 

Solving these equations wc obtain w -= ——-- 

■ ’ 3 

And hence ” and as each'molecule contains one CH , group, 

III (A).^ , ID I¬ 
OT is rftimerically equal to V .so i.haf this expression also --- . the number of 

1 “ ■' * 

CM, groups [ter unit volume. 

The nature of the olefitjcs in a mixture may be estimated approxi¬ 
mately by exploding a separate .sample and subtracting the volume of 
carbpn dioxide accounted for by other constituents from the total 
carbon dioxide produced. 

'' MF,'riI(tI).S OK COMlib'STION. 

’ *(r?) Explosion.—The simplest method of combustion consists in the 
cxpfosietii of tlu4 combustible mixture cither with pure oxygen or with 
air, but it is not* always practicable. As the explosion vessel, cither 
a mc'a;*i}» 4 eg byrette provided with platinum elocU'<r-Jcs is used, or a 
special ^cplcsion pipette. Water is quite unsuitable as the confining 
liquid if the carbon dioxide formed ha^s to be determined, as under the 
high pressur? of cxplosiodti portion'of this gas is dissolved; in most 
forms of apparatus the combustion is effected "over merepry. 

The e xplosion pipette,* filled with water, devised by Pfeiffer (P'ig. 
l"32), obviates the absorption of the cartron dioxide in the following 
way. The liquid (0^1 per cent, sulphuriaacid) in»thq explosion bulb'A 
* is drawn ovc; into B before explosion ; two stojrcocks, a and b' are 
provided for this |)urposc. 

^his pipette is particula'jly suitable to the analysis of coal gas by 
Pfeiffer’S method; it is'of much smjller capacity than other forms of 
explosion pipettes, but wilPtake one filling of the burette' with air in 
addition to the combustible^ gas residue. The stppcock <?, at the 
entrance to the bulb, instcAd of the customary rubber tubing and clip, 
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prevents risks due to back pressure, anci in this respect -the smaller 
•capacity is also an advantage. By fixing the platinum electrodes in 
the position shown, the formation of drops of liquid between the 
points is avoided.' 

The liquid is drawn into the bulb B, by means of a piece of rubber 
tubing 20 cm. long attached to the end of that bulb. Too large an 
excess of oxygen or air should not be used for the combustion. In 
calculating roughly beforehand the quantities neces¬ 
sary, the ratios given in the table on p. 249 are to 
be borne in mhid, five va'umes of air being used 
for each volume of oxyger. required. 

Below certain limits small qu.3ntities of com¬ 
bustible gases in presence of comparatively large 
quantities of indiflc.’-ent gas do not undergo com¬ 
bustion. Explosion can then only be effected by 
the addition of oxygen, and it rr.'ay even be neces¬ 
sary to add electrolytic gas in order to scerre an 
explosive mixture. , In practical work this compli¬ 
cation has rarely to be resorted to, as the difficulty 
can be overcome by simpler m,pthof).s, which will be 
explained suoscquentiyr 

On the other hand, in dealing wiHi highly explosive mixtures, the 
nitrogen in the gases may also be oxidised, as was first pointed out by 
Bunsen. His experiments had reference only tt) admixtures of 
electrolytic gas and nitrogen, but he concluded that in order to avoid 
the oxidation of the nitrogen in the combustion of gaseous mixtures 
generally, not more than 26 to 64 vols. of combustible gas (inclusive of 
the necessary oxygen) should be present for every 109 vols. of incom¬ 
bustible mixture. These ratios form a satisfactory guide in the 
analysis of coal gac. . 

In any case, when the gases before explosion are unde-- a nressure 
of abont half an atmosphere, the ratio of the oxygen added to the 
volume of combustible gas shoula be approximately that indicated in 
the following table;— 

r VoIiuiH* of (Ixycni. 

(i;>3. V.iliimn /'f I-l u 

Hydrogen ...... i -5 

Carbon monoxide. ..... i -5 

Methane 5 

Gases containing two atoms of carljon in the iiiolct.ule, 

leiiiane, . . . . ■ - lo 

Gases containing three atoms of caibon in the ' 

molecule, l-’ropane, C jli.s . • . . 

Gases containing four atoms of carbon iiV the Mole¬ 
cule, Butane, C,,]!,,, . ... 

^ Lf. 6/ifw. 1904, 28, 



25 





METHODS OF COMBUSTION 


255 


Further .details concernirfj the necessary addition of oxygen and 
the pressure at which the e.'iplosipn is best carried out are given by ' 
Thomas.^ 

Preparation of Oxygen for Purposes of Combustion. ’ Oxygen for 
analysis by explosion is conveniently prepared by gently heating pure 
potassium permanganate or perchlorate in a small, round bottomed 
flask or tube. About 2 g. of potassium perrnanganate or perchlorate 
is so heated, and care takep that all air has becii cleared from the 
flask or tube before connection is made with the analysis apparatus. 
The oxygen should prcfe,rably be passed through caustic soda solution 
to remove any carbon dioxide formetf.by the combustion of dust, and 
to arrest any permanganate dust carried forward with the gas stream. 
The oxygen may be stored conveniently in ij vessel over glycerine or 
brine. 

fteforc the gas is u.sed, its purity .should be tested and at least 
99"5 per cent, of- the gas should be absorbable in alkaline pyro- 
gallatq solution. 

[b) Combustion without' Explosion by means of Palladium.— 
Hydrogen and carbon monoxide are easily oxidised with air when 
passed over heated ji.alladium; methane docs not take part in the 
combiVsticjn so long as thc,|tcmperature is not raised too high. The 
method is, tiicrefore, useful for the estimation of hydrogen and carbon 
monoxide in the presence of methane (fractional combustion); it gives 
satisfactory results with small amounts of these ga.ses in the presence 
of large (luantitios of indifferent g.ase.s. The palladium is used either 
in the form of wire or of palladium asbestos, and is placed in a small 
cnidllary gla.ss tube which is interposed between the measuring burette 
and'k pipette filjcd with water or a second burette. The mixture to 
be burnt is passeckover the heated palladium, and both the contraction 
and thtuamhon^lioxiric formed by comhustion meafur'*d. 

The e^iit temperatures trj which the |)alladium must be raised has 
been the subject of considerable controversy. Winkler - as.scirs that 
methane is i?ot burned .at^all when' passed over palhadium asbestos 
heated by a naked flame; even when consider.able excess of easily 
combustible gases is presdnt, at most^ only a tr.acc of methane is 
btffned. If the temperature rises too much, a little methane is burned 
as well. Hempel ■’ considers that methane when pas.spd over palladium 
• asbestos does not burn at .dl at temperatures up tp 100°. Combustion 
of methane commences at about 200°, and above this temperature 
a pm'kion of the ’methane is .burnt along with any hydrogen present 
in the i^seous mi.xturc. According,'to FhiUips,* the temperature of 
oxidation of methane by •palladium asbestos is 404" to' 414°, and 

' J. Chtm. Soc., 1879, 35, 313. ' ' " See Lunge, Ttch. Chis ynu/ysis, 1914, p. 67. 

" AtUtii}‘/s 0/Gas 1892.^j. 134. ^ .iniey. CImn.J,. 1894, 16, 163^ 
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a variation in the relative proportions hf inflammable gas and air 
(•appears to be without effect upon the oxida(tion temperature. Richardt ^ 
found that appreciable oxidation in the presence of palladium asbestos 
did not occur at temperatur(;s below 600°, and that for the fractional 
combustion of hydrogen the temperature must not exceed 500° to 600°. 
Denham ^ states that the temperature of combustion of practically pure 
methane and oxygen lies between 5I4'’' and 546°. Any variation in 
the ratio of the volumes of the methauQ and oxygen tends to raise 
the combustion temperature above that necessary for the complete 
combustiori of a mixture containing the two ^jascs in the exact ratio 
required for complete combustion. The method of fractional com¬ 
bustion of hydrogen in the pre.sencc of methano using palladium 
asbestos is capable of affording reliable results jrrovided the tempera¬ 
ture does not exceed 500° to 550°.i- In no case wa.s Denham able 
to effect anything approachiitg complete combustion of methane, 
although in'some cases the. temperature was 90 much as 100° 
above the temperature of combustion of methane, Richardt found 
only i'3 per cent, of methano burnt at Coo”. , 

Palladium wire, first recommended by Bunte,® is used as a very 
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thin filament, about 1-5 cm. long, bent in two, and placed in the 
middle, narrowed portion of a tube of potash glas.s (Fig. 133); the 
wider parts of the tube are lightly stopped with asbestos fibre as 
a security against a possible explosion. The palladium is heated 
either by a spirit-lamp or by a very small gas burner. According 
to Richardt,^ the heating must only be carried so 1 ‘ar that the tip of 
the flame begins to be coloured yellow by the sodium o"the glass; 
if this; condition be fulfilled, the combustion of methane Joes not 
take place. , 

Palladium asbestos, which was introduced by C. Winkler for 
ffactional combustion, is prepared in the following way. Palladium 
chloride, obtained from i g. of palladium, is reduced by th e * !ld irion 
of a few c.c. of a cold, samrated solution of .-odium formate, and 
sufficient sodium carbonate to make it strongly alkaline, and about 
I ‘g. of be.st long-iibred asbestos is placed in the solution; this 
should absorb “all the liquid. The damp mass i; allowed to dry 
at a gentle heat, and in this 'vay palladium in a very fine state of 
division is,.precipitated bn the fibres, anq adhcfes well to them even 

’ J, GashtUucht.^ 1904, 47, 566 and 590. 

_/. Casbeleuclt.^ 1878, 21, 363. 


'^,J, Soc, Chem. InJ.y 1905, 24, 1302 . 
1904, 47, 592. 
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when thoroughly dried on the water-bath: the asbestos is finally 
washed with boiling water and again well dried. The combustion 
capillary, which is from 5 to 10 cm. long, and about i mm. internal 
and 5 mm. external diameter, is filled by moistening a few threads of 
the asbestos with water, twisting them together on a piece of filter 
paper, and then sliding a piece about i cm. long into the middle of 
the tube ; the capillary is then dried on the water-bath. 

The combination of oxygen with hydrogen or witii carbon monoxide 
takes place more readily by means of palladium asbestos than with 
palladium wire. If the gM be passed sufficiently quickly through the 
tube after the combustion has been started, the oxidation continues 
without further heating, and is seen by the glowing of the end of the 
a^estos thread next to the entering gases. 

Combustion without Explosion by Means of Platinum.— 
Platinum may be employed in place of palladium to accelerate the 
combustion of such'^ases as hydrogen, carbon monoxide, and methane. 
The platinum may be used in 
the form of wire or of a capil¬ 
lary tube. Methane i.s com¬ 
pletely oxidised,, whep passed^ 
with oxygen ov,cr brightly glo.k- 
ing platinum.' 

(1) ]Vinkler's Modification of 

the Ilctnpci Pipette} A spiral of platinum wire which can be main¬ 
tained electrically, in an incandescent state is introduced into the 
ordinary form of Hempel pipette (p. 265). Contact between the gaseous 
miVttire and the spiral is not very intimate, and an explosion is very 
liable’fo occur unhss the mixture is led very slowly into the pipette. 

(2) DrehsekmidPs Platinum Capillary Tube'^ (Fig. I34)- This 

consist.? scainless platinum tube, 20 cm. long, £ mm. thick, and 
07 mm. i^t^sal diameter, containing three or four pieces of platinum 
wire; the pieces of brass tubing soldpred to the ends of the platinum 
tube serve for'connecting to'* the measuring tujie and pipette. Two 
small cooling cylinders, also made of brass, are fi.xcd on-to the brass 
tubes, j ust above the bend. ' The tube rpust be tested before use, to 
malfc sure that it is air-tight. . , 

(3) Levy's Silica-Platinum Combustion Cppillary is shown in Pig. 135. 
•AB is a tube of (used silica, atiout 7 mm/external di?,metpr and 1.5 miy, 
bore. CD is a wire composed of an alloy of platinum wi).h 30 per cent, 
of iridipm. This is stretched qxially along the silica tube AB. The 
leading-in Avires EC and P'D {ire of molybdenurQ, this being the only 
metal that can be fused into' silica satisfactorily. The molybdenum 
wires terminate' at E and S' in, solid lumps of lead to which copper 

1 Z. anal, Chtm,, 1889, 28, 269 ; J. Sac, Chtm. Ind,^ 1889, 8, 570 . - Btr., l888, 21, 3245 - 

■ ' ; R 
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wires are soldered G and H are Icading-in tubes of silica about l mm. 
'' bore, which serve to pass the gas o.ver the wire CD which is heated by 
a current from a 2- or 4-volt battery, the temperature of the wire being 
adjusted by means of a rheostat inclucjed in the circuit. The wire is 



corrugated so as to take up the c.xpansion ' 5 n heating. This may also 
be effected by using a straight wire and employing a short spring of 
molybdenum. The ox^idation of a gaseous mixture is accelerated" if 
the wall of the capillary is coated with finely divided platinum by 
spluttering of the platinum wire. '' 

While the limitations accompanying the use "of platinum in the 
fractional combustion of gaseous mixtures have not been specified with 
the same precision as for palladium (p. h5'5) or for cupric oxide (p. 261), 
the method gives reliable results when used for methane determinations. 
Levy' asserts that by the use of the silica-plat,'num, capillary tube, an 
accurate analysis can be made of a fiixture containing hydrogen, 
carbon monoxide, methane, and nitrogen. Two methods are proposed ;— 
(i) Complete Combustion Method. A few cubic centimetres of the 
mixture, after the removal of the absorbable constituents, together with 
excess of air or o.xygen, are measured and then passed through the 
oxidation tube, the temperature of which is regulated to incipient white¬ 
ness. By excess of air is meant (say) nine times the gas volume. I’his 
operation is repeated once or twice, until no further ccTutraccion is 
observed, and the maximum contraction noted. The gas is then passed 
into a potash 'pipettc to remove the carbon dioxide. prod..ted by the 
combustion, and the further contraction is noted. Tne,. excess of 
oxygen is then absorbed v'ith alkaline pyrogallol, thus giving a 
measure of the amouijt of oxygen requirecl^for the comnustion. [This, 
of course, piM-supposes a knowledge of the amount of oxygen added, 
which is known from the composition of the gas added.] 

Let the volume of carbon monoxide Ire .v. 

• ,, t,, methane be y. 

r t ' „ „ . hydrogen be 

** Tlien C, contr,action ^ + 2v 

, ,2-^2 ,, 

,. C., - contraction in potash = .a yy. 

,, V„ = oxygen used ^ - 4- 2y + 

, ‘ J. Gas Ltgiunj!, 1913, 1 . 22 , 457 ' 

I 
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Solving tlltese three equations for x, y, and s, we have 

4U.J + 

3 

y — methane ~ - .c t 


A' " carbon monoxide = 


or.)' 


,3V„~C,-C 


z = hydrogen* =C( - V;, 

(ii) Frih tioihd Combustion Method. Hy regulating the temperature 
of the heated wire, the hydrogen, carbon monoxide, and methane can 
^Iso t^p determined by frattioual combustion. If the wire be heated 
to scarcely visible redness, tlie hydrogen'J and occasionally some of the 
carbon monoxide,''.* burnt, while the methane remains unaffected. On 
increasing the temperature to incipient whiteness, the remainder of the 
carboij mono.xide and the whole-of the methane are oxidised. The 
advantage of this method of wor^;ing Is that the accuracy of the 
determination of tliC combustible gases fs increased, and the necessity 
for the ‘determination of the oxj-gen consumed is obviated. The 
method of working i^ as follows; * The gaseous mixture is passed over 
the wire (which is heated to scarcely visible redness) a few times until 
no further contraction is obscrvfjd. The j^'as is then passed into potash, 
and the amount absorbed, if a.Iy, is notcfj. 

Let.the contraction be Cj and the further contraction on passing 
into potash be C.^. Then the carbon monaxide oxidised at this stage 

= Co. The contraction due to'carbon monoxide = Hence the con- 

- • 2 


After 


trar.tUm due to hydrogen = and hydrogen =-? (Cj--') 

heating to'Tvnilcnftss, let the further contraction observed bo C,, and 
the contraction on passing into potash bjj C^. Let the remainder of 

the carbon ffltnoxide bo and tlie methane be r. Then = and 

• • . '2 


( 1 , =,r+/. Hcacc y = methany = 
C,| —methane. 

Hence Uydnjgcn = 

# 

methane = 

0 

carbon monoicidc 


^ C,, 
• ^ 

3 


and .1' = carbon monoxide = 


. 

2C.,-C 




C,| — methane. 


Usuall/it will be founcf th»,t no contraction <s,.observed on passing 
into' potash after the fii'st corTibustion—f.c., C.2 = o; but Q sbould be 
determined as a check, in cas(j some carbon, monoxide should be 
oxidised together with the hydrogen. » 



260 


f 

TECHNICAL (JAS ANALYSIS « 

The complete combustion method is more rapid than'the operation 
described, as only one combustion and absorption in potash arc required. 
On the other hand, however, it entails a measurement of the oxygen, 
which the fractional mctlrad does not. The complete combustion 
method is_ most suitable for use in a constant volume apparatus; 
whereas in instruments in which measurements arc made at constant 
pressure, the fracUonal combustion method is far preferable. 

{d) Fractional Combustion employing Cupric Oxide. —This 
method, which is due to Jaeger,' depends on the fractional combustion of 
the mixture of gases in the presence of cuprre oxide at various tempera¬ 
tures. As the oxygen required for the combustion is not added in the 
gaseous form, the volume changes arc very simple’;.thus, the hydrogen 
disappears completely 'on burning and its volume is equal to the con¬ 
traction, whilst the methane forms'an equal volume of carbon dioxide, 
which is easily measured by absorption. The combustion tube, of 
the form shown in Fig. 136, is-made of hard Jena glass with a capillary 
on one side and a somewhat wider^tube on the other. Large-grained 
copper oxide is introduced so that it ’lies at tiie beginning of the 



Abbdiitofl. /sbostos. 

Fio. 136 . 


capillary, and a plug of asbestos fibre is placed against it; the wide 
part of the tube is then filled with freshly ignited powdered copper 
oxide, kept in position by a .second plug of asbestos. The tiibt is 
connected by rubber tubing on one side with the .meaaK'tng burette, 
and on the other side with the absorption pipette charged with 
potassium hydroxide solution. For the combustion, of thv.i hydrogen 
the tube is heated to 250°, as shown by a thermometei, the bulb of 
which is placed against the tube. After oxidising the hydrogen and 
reading the contraction, the thermometen is removed and the methane 
then oxidised by heating the copper oxide to a red heat. As the 
carbon dioxide formed is absorbed by the potassium hydroxide in the 
pipette, the contraction giv.es the volume of the methane directly." 

The air enclosed in the tube takes part in the combustion of the 
hydrogen ; the correction necessary for the oxygen thus removed is 
determined once for all, so that it can be applied in all the estimations. 
It may amount to about o-8 c.c. 

The combustion with copp<?r oxide has the great advantage that the 
whole of the gas left after absorption can be taken for the determina¬ 
tion, so that any errors do not influence the final result to the same 
^ J. GasheUucht.^ 1898,"’4I, 764. 
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extent as whe^ only a fraction of the residue is used. A disadvantage 
arises from the difficulty in burning ^the methane completely and from 
the high temperatures necessary for the combustion, as the tube must 
be allowed to cool down before reading off the volume;'the copper 
oxide mu.st also be reoxidised after each analysis. Further details 
are given under the description of Jaeger’s method of gas analysis 
(p. 293). This method, howevel, is frequently employed for the deter¬ 
mination of the percentage- of /litrogen only in gas^; the percentage 
of nitrogen obtained in this way is more accurate than that found by 
the explosion method, in wjiich it is always taken by difference, and is, 
^hereibre, subject to the combined errors in the determination of all 
the other constituents. 

• The accuracy of tlifs method of fractional combustion is dependent 
upon the assumption of completo oxidation of the respective con¬ 
stituents. This has been investigated by.Terres and Mauguin,* whose 
apparatus consisted><)f a spiral of Jena glass having an internal diameter 
of 10 mip. and a length of 80 cm. .The spiral was packed with cupric 
oxide and heated to .the desireii J;emperature in a bath of potassium 
and sodium nitrates. They reached the following conclusions ;— 

(l) Carbon Monoxide. Dry carbonic oxide when not mixed with 
other combustible gases is pdver contpletely burned at the usual 
temperature of* fractional combustiop. • 'Even in a mixture containing 
a large’proportion of carbonic oxide, quite erroneous results may be 
obtained at the customary temperatures. At a red heat the combus¬ 
tion of carbonic o:iide is complete. Alone, and dry, 90 to 94 per cent, 
of the gas is burnt at 305°. 

■(2^ Hydrogen. The combu.stion of hydrogen commences at 160° 
to 170°; and.'* soniplcte at 250°. 

(3) Carbon hdononde and Hydrogen. The presence of hydrogen is 

known to reduce ^le temperature of combustion of ca/banic oxide and 
of other gasTif,^and owing to this fact carbonic oxide in the presence 
of small quantities of hydrogen is completely burned at lower tempera¬ 
tures than wheti hydrogen‘k absent.* It seems possible to secure 
complete quantitative fractional combu.stion of a carljonic oxide- 
hydrogen mixture without tt)mbustion of methane by Cupric oxide 
at ^00°, provided the mixture contains ipproximatcly equal pro¬ 
portions of carbon iilbnoxidc and hydro.gen on the.one hand, and" 
methane on the other. • . ’ 

0 t $ 0 0 

(4) Methane. The combu.stion of methane over cupric oxide begins 

at 310°., lyhen rrtethane is present in very small proportion, the 
combustion is not quite complete even ^ a red Heat. In high concen- 
tratidn, methane is compJetely iurned at a red heJlt. • 

(5) Hydrocatdoons such as acetylene, ethylene, and benzene are not 

* i • 

* J. Gasbeleuc/it,f 1915, g6, 8; also J. Gas Lighting^ 1915, 129, 257. ^ 
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for temperature and pressure are not usually made; q.wing to the 
, analyses being carried out rapidly the changes in pressure are 
inappreciable; in many forms of apparatus changes in temperature 
are controlled by surrounding the measuring burette with a water- 
jacket. Simplicity of construction an'J easy manipulation are the 
chief considerations in (he design of apparatus of this character. 

For more accurate work, such as thr; complete analysis of heating 
and illuminating gas, m'ore complex apparatus is employed, in which 
mercury is used as the confining liquid, and corrections for temperature 

ard pressure^are applied. The modern 
forms of ^ich apparatus permit of* 
sufficient rapidity .in use to be ap¬ 
plicable for technical purposes. Of tlfe 
less,accurate forms of apparatus, those 
of Hempel, Orsat, Bunte, Honigmann, 
and Pfeiffer will bp described, and of 
the more accurate forms those pf Bone 
and \yheeler and,of Haldane, and in 
addition the apparatus of Jaeger and 
the “ Metirogas ” apparatus, which, as 
■ stated Sbpvc, arc especially applicable 
•to the determination of flitrogen. 

Whilst many other forms Of ap¬ 
paratus have been constructed, the 
above may be regarded as represen¬ 
tative of modern practice and ap¬ 
plicable to the requirements of gencr-al 
technical gas analysis. 

Apparatus designed for the “ auto- 
I matic” analysis of gases is ^escribed 
separatel.v at the end ofortic section 
(p. 321 ct scq.). " 

■'HempfL’s Apparatus' is extremely 
simple in cohstruction and use, and in 
careful hands affords fairly accurate results; it is very adaptable, as 
Hempel has devised a variety of pipettes for .special purposes, and-'s 
therefore much used., ', ' <• 

••The burette (Fig. 137) consists of a measuring tube b, graduated ^ 
into too c.c. with 0-2 c.c. divisions, and the pressure tube a, each of 
which is contra'Oted at the lower end and bent at light angles, so as 
to fit into slots in weighted wooden su'pports. The measuring tube 
is also contracted at the top, and terminates in a capillary tube } to 
I mm. in diameter and 3 cm. long. The tubes are connected by a 
piece of rubber tubing ibout 100 cm. long, preferably divided in the 



Fio. 1S7. 



HEMPEL’S APPARATUS 


265 


middle, wi,th the parts joined together by a short piece of glass tubing 
to facilitate the cleaning of the burette. A short piece of thick-walle^ 
rubber tubing, provided with a pinch-cock, is attached sXf. 



A better' form of burette has the rubber connection 
and pinch-cock at / repl'accd by a three-way 
tap, of the form shown in Fig.'i37A. 

Another modification, generally known as 
the modified Winkler burette, shc;wn in Fig. 

138, is provided with a simple gas tap at a 
and with a three *vay tap at b •, its chief 
advantage is in the arjalysis of mixtures con¬ 
taining an easily soluble gas, since the initial 
volfeme of gas can be measured without bringing it into 
contact with wa.ter, which is always used as the con¬ 
fining liquid in vthe various forms of Hcmpel burette 
qnployed for technical analysis. 

Any of these,forms of burette may be provided with 
a jvater-jaakVt ,.fo minimise changes of temperature. 

The pipettes, in which the various reagents for the 
absorption ^f the gases are 
con{ained,()Oi*isist of twK) bulbs, 
a and b (Fig. 139^, ccynnected 
by the tube d, of which b is 
attached to a capillary tube c 
of J to I mm. diameter; a 
white porcelain plate, iii, is 
fixed at the back of r, to 
render the thread of liquid in 
^he capillary more visible. 

The capacity of the bulb b is 
about 150 c,c., that of a about 
100 etc. to allow a sufficient ijuantity of the absorbent 
to be'left jn b after-t'he introduction of 100 c.c. of gas 
The pipittes are mounted cidier on wooden (Fig.s. 139 
and 143) cr on adjustable iron frames (1‘igs. 140, 141. 
142, and 144). Pipette.s*for use with solid absorbents 
suoli as phosphorus,'are 33'rovidccl,with a cylindrical bulb, 
tubulated, at the bottofti (Fig. 141’), and closed'‘by a 
good rubber stopper; double pipettSs (Figs. 14^ and- 




Km. 138 . “143) are used for absorbents which t*equirc to be pro- 

tec*ted^from the air, such as pyrc^allol, dr which evolve irritating 
fumes, such as bromjne. , ■ , _ 

A good form of simple pipette, in which a small second bulb, filled with 
glass beads, is placed above &c absorption bulb, is shown in Fig. 144, 


I 
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The simple pipettes are filled by pouring'the absorbent through the 
tube attached to the bulb a (Fig. 139), whilst the air is .sucked out 
from h', sufficient liquid is intrcvluced to fill the bulbV; and the 
capillary tube.c completely, and to leave a small (piantity in a. To 




fill the double pipettes, the best plan is to attach a glass tube a metre 
long, and provided with a funnel, to the Idp of thf capillary tube, and 
to pour the absorbent liquid in* through tfhis, until the first bulb is 
completely filled; to effect this wilihout the liquid overfioudng to the 
protecting bulbs c and r/(l''ig. 1^3), it is necessary to blow out the air 



•contained- in a thiAnigfi the funnel several times, after a portion of the 
absorbent has betn introduced. After and the lower part of ,have 
been filled, water is introduced intf d and l\ through the tube aftaclied 
to d, after fi^st blowing ‘ever a poVtion of'the liqpid in n into l>, so a's 
to remove the air in the latter. 

The burette add pipcKes are connectt;d ]iy a piece of thick-walled 
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capillary Cubing of l mm. internal diameter and i8 cm. in length, as 
shown in Fig. 145, the pipette and burette being attached to it py 
stout rubber tubing. 

To introduce gas for analysis into the burette, the .pressure tube B 
(Fig. 145) is filled with water and thc'n raised, so as to drive out the 
air in the measuring tube A, and the pinch-cock or tap at / closed. 
A O'5 per cent, solution of sulphuric acid in water is used as the 
confining liquid ; it is adv^intageous to keep a S'Jjck of this acidulated 
water so that it has attained th-T temperature of tlic laboratory before 
use. The gas supply ps attached at /, and the sample'.syphoned in, 
by opening 7" and loui'cring the , 
pressure tube. A little more than 
' looc.c. of gas is drawn in and then 
/ is closed. When the Winldcr 
burette (Fig. 13S) is u.sed for the 
analysis of a nsixture containing 
a v,ery soluble con.slituont, .the 


sample is introduced tllrough the thrce-wa>'tap at the bottom of the 
burette. To obtain exactly lOO c.c. of gas for analysis the pressure 
^ tube is raised gradually, and when‘the licjuid stands exactly at the < 
too c.c. graduation, the connecting’ rubfccr tube; is closed by pre.ssing it 
between the thumb aijd finger; then momentarily opened to 

establish the atmospheric pressure, and the volifme t’crified by bringing 
the,wajcr in the two tubes of the burette to the samt level. 

* TJie burette and ■ the'< pipette»arc then connected, as shown in 
‘Fig. 145. To obt^iate t^e error due to tlid air in the ,capillary tube 
E, this is first connected to the pipette, and the absorbent liquid blown 

over from the latter until dt begins to rtfn out a‘t the free end of the 

, « 
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capillary, which is at once attached to the burette; it is convenient 
tq^ attach a piece of rubber tubing to the tube of the upper bulb of 
the pipette for this purpose. The gas is transferred from the burette 
to the pipette .by raising the pressure tube and opening /; water is 
driven over to wash out the Capillary tube of the pipette, as far as 
the top of the absorption' bulb, so that tlie gas is confined between 
two surfaces of liquid, and / is then clos«d. The absorption is pro¬ 
moted by gently shajdng the pipette; som.e recommend the removal 
of the capillary E, but sufficient moverient can be given to the liquid 
without disconnecting. After abso»ption, the, gas is syphoned back 
into the burette by lowering B, thp liquid in the pipette being drawn 
over as far as the pinch-cock (or stopcock) at /; after allowing two 
minutes for the water in the burette to drain, tho' liquid in the two ' 
tubes of the burette is brought to the same level and the reading 
taken. The absorption is repeafed uiY.il a constant value is obtained, 
and the decrease in volume, with each reagent, repsesents the per¬ 
centage of absorbed gas present in. the mixture. The capi]lary 
connecting tube E must be thoroughly ^cleaned fronj each successive 
reagent. 

As the Mcmpel apparatus is not used for work of high accuracy, 
some workers prefer to avoid iirtroducin^'(|the alisorb’ents into'the 
connecting capillary tube, and in truosferring the gas from the burette 
to the absorption pipette, and in syphoning it back, bring the con¬ 
fining liquid only as far as the Yap of the burette and the top of the 
capillary of the pipette respectively. 

The Hempel apparatus can be used for the analysis of mixtures 
containing carbon dioxide, oxygen, carbon monoxide, hydrogen,. 
methane, nitrogen, olefines, and hydrocarbon vapours. T he , pr epam- 
tion of the various absorbents has been already described (pp. 241- 
247). The following will indicate-the general mode of procedure. 

(1) Carbon dioxide is determined by pneans of a sc)kition of 
potassium hydroxide in a simple absorption pipette; (Fig. 139). 

(2) Oxygen is absorbed in an afkvilfnc pyrcignllol solutioif contained 

in a composite absorption'pipette (Fig. 143), hr by means of copper 
wire gauze immersed in concentrated ammoniarcontained in a tubulated 
pipette (Fig. 141). If desired,* the oxygen can be absorbed, without > 
previous absorption of (;arbon dioxide, by means of phosphorus undei 
water-in a similar pipette. • , 

‘ ( 3 ) Carbon nnTnoxtide is absorbed by an ammoniacal or acid 
solution of cuproiTs chloride contained in a composite absjorption 
pipette (Fig. 143). \ . 

(4) Hydrogen is determined by combustion with.oxygen either over* 
palladium asbestos or by explosion. The former method is’carried out 
by replacing the cdnnecting capillary tuba E," (Fig. 145) by a similar 
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tube contMiiing a thread of asbestos fibre coated with metallic palladium, 
as described on p. 256, and heateti by a small spirit-lamp. ,r 

To introduce the fibre, a few loose strands are moistened with water 
and then rolled into a fine straight thread, which is slid into the capillary 
tube held vertically, and before it has been bent for attachment to the 
burette and pipette. The thread is easily brought into position in the 
centre of the tube; the water is then drawn off, by means of filter 
paper, the moisture rcniov«d by drying, and the ands of the tube bent 
at right angles for a length of 3-3 to 4 cm. 

The capillary tube is attachca''on the one side to the burette in the 
usual way, and on the orher, to a simple pipette filled with water. Not 
more than 25 c.c. of the gas in the burette is first passed over into the 
pipette, the necessary quantity of air (about'75 c.c. should suffice) then 
introduced into the burette, it.s volume measured and also the volume 
of gas + air, after syphoning back the former from the pipette, as a 
check. The whslc is then mixed by passing it into the pipette, which 
is gantly shaken ; it is then pas.sed backwards and forwards over the 
heated palladium"asbestos'till no further contraction occurs; two-thirds 
of this contraction is due to the hydrogen. The level of the confining 
liquid is brought the .bottom of the capillary combustion tube, in 
syphoning the gas to ancjl from the burette. For the introduction of 
the air or oxygen, the buretti? with the three-way tap at the top 
*37) is very advantageous, as it avoids disconnecting the 
capillary tube. 

The method is very valuable for determining hydrogen in presence 
of methane (see p. 255). Carbon monoxide may be similarly determined, 
•the carbon dioxide formed being subsequently absorbed by potassium 
hydroxid:,-" 

The DctcriMnation of Ifydrogcn by Absorption with Palladium. 
llcTnpel has worked out the conditidns under vihidi the well-known 
powci^poSgcssed by palladium of absorbing hydrogen can be used for 
the determination of'this gas. 

Pure palladium is h.jidifrcrent 'towards a mixture of hydrogen, 
methane, and nitrogen, but if a small proportion of»palladious oxide 
is present, a partial combustion of the Iiydrogen occifrs, and the heat 
*thus generated is sufficient to ensure the' absorption of the rest of the 
hydrogen present'; the process is accordingly iq part a combustion 
and in part jin occlusioa of the hydrogen. ^ 

The palladium is prepared by heating 4 to 5 g. of palladium' 
sponge,,in portions of i g. at a time, on the lid of a platinum 
crucibfe, until it nearly gjjSjws, anijf then qllowing it to cool slowly, 
whereby a thin film*of oxide is formed upon the surface »f the metal. 
Four grams* of this oxiejised sponge is placed in a, IJ-fube, of 4 mm. 
internal diameter and 20 dm. total Icngtl?; the tube js placed in a 
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beaker, and kept at a temperature of 90" to 100“ by hot'water, as 
shown in Fig. 146. , i 

The U'tube i.s attached on the 6ne side to the burette, and on the 
other to a pipette charged with^water, and the gas syphoned backwards 
and forwards three times; the beaker H i/ then replaced by one con¬ 
taining cold water, and the gas again passed twice through the tub^ 
so as to cool it to the original tempcraflire. The volume is finally 
adjusted by .syphoniifg the liquid in the pipetfe to /, and the reading 
taken ; the decrease in volume reprc.stnts the absorbed hydrogen plus 
the volume of oxygen originally contained in the U-t^>be. The lattpr 
is determined, once for all, by clasing one entl of the U-t^be with a 
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glas.s stopper attkehed by a piece 
of rubber tubing, and then placing 
it In, a beaker of water at 9°; tjic 
opfen end of the tube is then con¬ 
nected with the btfrettc, previously 
filled .with water, and the 'tube 
heateef ifi the beafkcr to too ’. The 
increase of volume, as measured in 
the burbtte, is .that,due to an in- 
‘ crease of 91" in temperature, and 
* therefore equal to onc-th'ird of the 
volume of gas; from this value 
the volume of oxygen in the 
U-tubc is obtained.! The palladia.n 
is regenerated after use by first 
passing air over it, when it gets' 
quite hot; any drope of-rrater that 
may collect arc rc^noved, the pal¬ 
ladium then shaken jut of the tube 


and oxidised as before. ,* . 


Carbon dioxide, oxygen, carbon mono.xide, heavy hydrocarbons, 
and vapours of hydrochloric acid ahef of amKi'onia, prevent the deter¬ 
mination of hyeb-ogen by* this method, and it is but seldom used in 
technical gas analysis. It has, however, the "advantage that since no 
air is added, the volume of the' gas that can be used for the analysis' 
is net restricted. • ,, * 


M^etliane is determined by' cqmbustion t/ith oxygep, cither by 
fexplosion or by a heated platinum wire. 

The Determination of Methane by Explosion. The He'mpel ei-plosjon 
pipette is used for this metl,iod. Tl^e earlie:*,forrli is shown in Fig 147; 
it is a simpk pipette, pr*ovidcd with electrodes at k and a stopcock 
at d, and is filled \yith water. An improved form of pipette, in which 
mercury is usqfJ as the confining liquid, is Uiown in Fig. 148; the bulb 
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of the ordinary pipette is attached to a levelling bulb by a stout piece 
of rubber tqbing. A small stopcopk fitted to the top of the capillary 
tube at c removes the risk of loss by leakage on firing. 

The residual gas, after the determination of the' hydrogen, is 
syphoned over into the explosion pipette, the neces.sary quantity of 
air or oxygen added, in the same manner as in the combustion 
olliydrogen over palladium dsbestos, the total volume then measured 
as a check, and the whole passed over into the' pipette, where it is 
mixed by gentle shaking; the water in the burette is syphoned over 
uu{il the capillary tube- of the pipette is filled, when the tap at c is 
closed. The pressure oipthe mixture- is reduced slightly before firing 
by lowering the, pressure bulb rt;Abe tap d is then closed and the 
gases fired by attadhing the terminals of a’ small Ruhmkorff coil to 



the electrodes of’the pipette. After the combustion, the gas is syphoned 
bad? into the Jmrette, and the carbon' dioxide for,m«d determined by 
absorp^un&with potassium hydroxide. 

With regard to the volume of^air_or oxygen to be added-for the 
combustion*(.sec p. 254), ;ta-atio of 50’; too is a good working proportion, 
the oxygen theoretically required for the combustior.of the methane 
being included in the cofnbustible ga,scs, the excess ibrming part of 
■^he incombustible gases. The choice of air or oxygen will accordingly 
be decided by the’ volume of gas to Ije dealt .witji and its metlmne 
content. Oxygen from Airdinary o.vygen cylinders can conveniently 
be used, the percentage of oxygen it contains having been previously' 
detffmiiied. 

Many of the absorption ^/ipettes (Jescribcd,”abovc have been modified 
so that the gas entere the pipette below the surface of the liquid, but is 
drawn off fro*m the top in.the usual manner.^ , 

' See, DenDi3,yi Iml, 1912, 4i ^2 ; Vnn AUtine, 19 ^ 9 , ri, 5 n 
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Orsat’s Apparatus. —This form of apparatus is primarily due to 
Schlosing and Roland it has becn.modificd and improve^ by Orsat,^ 
Salleron, K. Fi.scher,'* Lunge, Soclcau, and others, and is generally 
known as the Or.sat gas analysis apparatus. The apparatus is primarily 
designed to combine rapidity with conven,'encc in working. 

Fischer’s 'modification consists of a measuring tube or burette A 
(Fig. 149), surrounded by a vvater-jacket,'vvhich is attached at the top 
to absorption vessel^) generally called pipottc.'i, D and E, by means of 

'■ capillary tubes, and at 

nthe bottom to a presspre 
'■ bottle L. The whole is 
fixed 'ip a case, which 
can'be closed by sliding 
shutters for transport. 
The burette has a ca¬ 
pacity'•of too c.c, the 
lower portion toeing 
graduated in tenths and 
the upper in whole c.c. 
The capijlary tube, lead¬ 
ing to the pipettes, is 
provided with a tap at 
each junction, as shown, 
and there is a mark w, 
on eacli, of these, bdnw 
the tap; the tap c is 
a three - way stopcock 
which allo'-ii&jof conriec- 
tion between the gas 
supply ai),d the tube B, 
or between .'ll'and A, 
or' between A and the 
p,0.14(1. ' ' u" outside air.'The (J-iube 

B is filled with cotton 

wool to retain 'any soot or dust from the gas sample. The pipettes 
are filled with bundles of glass tubes, so as to provide a large 
surface for contact between the gas and the aboorbent; the open 
end'of each pipette is closed'by a rubber otopper car;ying a glass 
‘tube, to which a thin rubber ball is attached to protect the con¬ 
tained liquids frd'm contact with the air. To prepare the appar,atus 
for use, the pressure bottle L is'f filled vljth water and then* raised, 
so as to drive out the 'air in A, through the tap c. The pipette D 



^ Ann. Chnn. Phys., .868, 14 [iv ], 55. 

® Annal.des M'nes^ 1875, 8 [vii.], 485 and 501. 


■'t Pischer'sJahmher,, 1880, 26, 330. 
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is then filled with potassium hydroxide solution, and the pipette E 
with pyrogallol solution; a thir^ pipette, charged with cuprous 
chloride solution, can be employed for the absorption of carbon 
monoxide. The absorbing liquids are poured in from the back, so 
as to fill about half of the pipette, and then drawn up to the mark in, 
by opening the tap of the pipette and lowering the pressure bottle L; 
whetr the liquid reaches the mark, the tap is closed and the back 
opening of the pipette closed by the thin rubberlball. Before pro¬ 
ceeding with an analysis, the apparatus should first be tested to see 
whether it is air-tight, hy, filling thi burette with water, then closing 
'*the tap c and lowering the pressure bottle, when it will at once be 
seen, from any change in level of the water in A, whether there is 
ahy leak. “ ' 

To introduce the sample of gas, A is again filled with water and 
the tap c turned so as to communicate tJirough B with the outside air. 
The rubber aspirator C, which is connected with the gas supply, is 
then aUached to the exit tube of B ; after clearing out the air in B 
by aspirating, the 'ap c is tuVned, so as to connect the gas supply 
with the burette, and the sample, introduced by lowering the pressure 
bottle L. A little more tlian loo c.c. of gas are syphoned into A, 
and th’e tap c tfien closed. * To obtaiA exactly loo c.c. for analysis, 
the gas is compressed to the zero irjark'by raising L, the rubber tube s 
then closed, either by the pinch-cock or by the fingers, and the tap c 
momentarily opened to the outside air, so as to establish atmospheric 
prea^re on the ccyitaincd gas. 

To determine the carbon dioxide, the tap connected with D is 
opened and the gas in A transferred into the pipette, by raising the 
pressure bottlsv»this operation is repeated several times, alternately 
lowering and raisihg L, until the absorption is complete, the level of 
the liquid in D lacing finally adju.stcd td the mark m, the attached tap 
closed, anfl tjic reading in the burette taken, the pressure on the gas 
being ac^usted to that'of the atmospljere by raising L, so that the 
levels of the’liquid in it’*nd in tlfc burette are the same. The 
reading gives the percentage of carbon dioxide direitly. Oxygen 
is similarly determined in the pipette Cuprous chloride solution 
har omes unreliable for the determination^ of carbon monoxide after 
having been used for^ short time (p. 244)„and Fisther prefers to omft 
•this determinatipn in the analysis of /'urnace gases. Other forms pf 
apparatus are, of course, available for the determination of this gas, and, 
as alrq^y pointed'out (p. 231), its quantity can also be gauged approxi¬ 
mately fi^m the percentage of/carbon t/ioxide apd oxygen contained in 
such gases. Carbon monoxide does not occur nearly so frecjuently in 
furnace gases, ih presence qf free oxygen, as has been assumed to be 
the case, from inaccurate analyses. 
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When the analysis is completed, the residual gas is cleared out of 
i,the burette and the apparatus is then again ready for use; an analysis 
can be completed in five minut'es, with an accuracy of o-2 per cent. 
When exhausted, the contents of the pipettes are removed by means of 
a small syphon, and the pipettes thoroughly washed out with water, 
before introducing the fresh reagent. Should any of the absorption 
liquid have got into the capillary tube above the stopcocks of the 
pipettes, the tubesImust be thoroughly washed out with water through 
the tap c, and the water in the burette and pressure bottle renewed. It 
is important to grea.se all the stopcocks carefully before the apparatus 
is put aside after use. o 

As the result of the experience of more than four thousand analyses, 
Fischer regards this foim of apparatus as the "most suitable for tne 
examination of the gases from boiler furnaces,* heating apparatus, brick 
kilns, pottery kilns, ultramarii'ie kilns, black-ash furnaces,'* and the like, 
and also as advantageous for the examination of blast-furnace gases, 
cupola-furnace gases," the gases from puddling furnaces,* the saturation 
gases in the manufacture of sugar, and for the .'study of petroleum 
lamps and of gas engines.’ 

Lunge's modification" of the Orsat apparatus (Fig. 150) is 
arranged for the dcterminatid'li of hyirogen, in addition to that of 
carbon dioxide, oxygen, and ciiTbgn monoxide. The pipettes />, c, d, 
are provided for the absorption of the latter gases, and arc charged 
with potassium hydroxide, alkaline pyrogallol, and cuprous chloride 
respectively; the manipulation of the apparatus is in every way sh-nilar 
to that of the Orsat-Fischer form. Hydrogen is determined by com¬ 
bustion over a palladium asbestos fibre, placed in the capillary 'tube 
f, connected to the pipette /;, which is filled with w"*«, and thlough 
the tap c, to the capillary connecting tube of the apflaratius. The small 
spirit-lamp^, carried by the mbvable rod i, is for hcati’ig the palladium 
asbestos. To carry out the combustio.i, the residual gas; after the 
absorption of the carbon dioxide, oxygen, and iarbon monoxide, is fir.st 
mixed with air in the burette n, by lowe. hig the presshre bottle, and 
admitting through the tap k sufficient air to bring the total volume to 
about 100 c.c. If the gas is very rich iii hydrogen, it is advisable 
either to add a further proportion of air after the first combustion hr" 
been completed, pr to repeat the combustion witlf the residual mixture, 
o^to substitute oxygen for air in the first instance. The reading of the 
total volume of gas and air (or oxygen) is first taken, and the mixture 
passed through the tap e, over the palladium asbestoS, previously-gently 

' Dingl . pulyt . /., 1878, 2^9,,130 ; lS7g(‘ 232, 346 ;' 333 , 1C3. Ftschtr's Jahresk - y ., 1881, 27, 
146, 1045 alj(i 1050 ; 1882, 28; 131 ; 1883, 29, 1289 ; 18185, 31, 1995. 

“ Flicker s Jahreiher ., 1878, 24, 431 ; 1880, 26, 274 ; 1881, 27, 35 and I047, 

’ lUd ., 1879, 25,^1 ; 1884, £0, 37 ; 1885, 31, ‘ //ill/., 1881, 27, 35. 

' Ibid ., 1889,29, 1229, * “ Dingl . polyt . J ., 1882,24s, 512. 
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heated; the*temperature of the tube should be such as to allow of its 
being touched, for a moment, without burning the fingers. The/ 
progress of the combustion is at once indicated by the glowing of the 
asbestos thread at the end where the gas enters, and *by carefully 
syphoning the mixture backwaVds and forwards several times, complete 
combustion is effected as shown by the volume remaining constant. If 
any~residuc of carbon monoxVle is oxidised, with the hydrogen, the 



residual gas must be passed into the pfpisttc h, to remove the carbon 
dioxide formed, and Uie total contraction nfbasured,aftcr this absorption. 

, * * • 

Example of A nalysis. • , . ^ , 

loo c.c. of Producer Gas gave the follosving readings on the b^irettc ;— 

,*i. ^ter absorption of Carbon Dioxide . . .3-2 

After absorption o/Xtsy^^n ^ ^ . . 3-2 

3. After absotptioi^of Carbon Monoxide . * . . 2j'2 

4. Afternddition of Air ..... 0^9 

5. After Combustion . • ^. . . • . * . io-8 

6. After absorption of Carbon Dio.\Uic formed in. . 'ii'4 

f 
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The percentage volumes of carbon dioxide and oxygen are obtained 
•directly from the above data. The fotal contraction is 11-4 —0-9= 10-5 ; 
of this 11-4—io-8 = 0’6 is due to the formation of carbon dioxide, and 
since carbon' monoxide forms its own volume of carbon dioxide, on 
combustion, this represents the volumf of carbon monoxide present 
and not previously absorbed by the cuprous chloride solution. The 
total carbon monoxide js, therefore, 24'i! — 3-2 + 0'6 = 2i-6. Since'both 
2 volumes of hydrogen and 2 volumes 'of fcarbon monoxide require 
I volume of oxygen for combustiow, two-thirds of the total contraction 
represents the hydrogen and imhb.sorbed oorbon monoxide, and by 
subtracting the latter, the volinnc of hydia^gcn present is obtained— 
(i 1-4 —0'9 X 5) —0'6 = 6-4. The'cojnposition of the g^s is therefore;— 


Carbon Dioxide . . , . . . 3-2 

Oxygen . . . ' . . . 00 

Carbon Monoxide . . . . . 21'(> 

Hydrogen . . ' . . . '. (i-a, 

Nitrogen and some Methane ' . . f)8'8 

' ‘ lOO'O 


W. H. Sodeau's raodificatien' of tht Orsat apparatus is designed 
for the analysis of mixtures containing small proportions of combustible 
gases, and is especially applicable to”^ the examination of chimney gases. 
It can be readily used in the .stokehold, and in combination with a 
suitable high temperature thermometer it affords a ready means of 
determining the total chimney losses, including those due to unEu'rnt 
hydrogen, which are usually ignored ; the efficiency of boilers can (hus 
be ascertained. The distinguishing feature from the ordinary Orsat is 
the replacement of the cuprous chloride pipette aixd palladium com¬ 
bustion tube, by jin adaptation of the Winkler combustion pipette 
(P- 257). The apparatus is shown in Fi^g. 151. 

The combustion pipette may consist of two separate vessels, the 
combustion bulb O and the aspiMtor CR.^jts shown in the figure, or it 
may be shaped somewhat like an ordinary Hcmpel pipette for solid 
absorbents (Fk'g. 141, p. 266), provided witty a straight instead of with a 
bent capillary tube. The bjlb 0 is provided with a .spiral of platinum 
wjre 0-25 to 0-3 mnj. in diameter, attached to a.,pair of unlacquered 
brass electrodes, and heated 6y a current of about 5 amperes, obtained 
either by meaif.-, of’a 4-volt accumulator, using a short length of iron 
wire as a controlling resistance, or from a lighting .circuit, connected 
through a few lamps iir parallel,; water y usf;d as the confiiiing liquid. 
A lens mounted ort a fitting'which slides on a vertical rod, gives 
increased accuracy in reading, owing to the elimination of errors of 

I ^ Chem . Nem ^ 1904,89, 61; 'J. P. 12225, 

I 





Sf)DEAU-,ORSAT APPARATUS 


277 


parallax. The pipettes K and P are for the determination of carbon 
dioxide and pf oxygen respectively,, , 

Analysis of chimney gas. After c'fetermining the carbon dioxide, as 
usual, by means of the potash pipette K, the gas is pa^sed into the 
combustion pipette and the ciVrent turned on for one to two minutes, 
when the gas is .syphoned 
back”* and the contraction * 
measured. The carbon "di-< 
oxide produced by the com¬ 
bustion is then determi«cd 
by a one-minute absorptAin 
in the pipette K ; tljfe decrease 
in volume gives the 'percen¬ 
tage, of carbon mono.xidc. 

Half the volume of the carbon 
dioxide produced represents 
the contraction due to the ^ 
combustion of the carboil 
monoxide; this value is de¬ 
ducted from the total coi;-*^ 
traction on combustion, and 
two-thirds of 'the difference 
equals' the percentage of 
hydrogen present. Only one 
absc.'bent is thus required for 
the analysis. The determina¬ 
tion* of these three constitu¬ 
ents t'an be co.r.-fletcd within 
fifteen minutes, and by means 
of appropriate surves the results can 'be stated ae lis. of air used 
per lb. fiiel, and loss of* heat as unburnt gases, provided the 
composition of the fuel is appro^xii-gatcly known. P'or ordinary 
practical pui^poses, the ^rfctcrminatlon of oxygen is, therefore, 
unnecessary. It may, however, be carried but by gseans of th? 
pyrogallol (or phosphorus) pfpette P, eitli^ir after the othef constituents 
_h'jve been determined, in which case_ the^ amount consumed in the 
combustion is addedfor else immediately,lafter the first determinatimi 
*of carbon dioxide, in whicle case it is pecessary to draw in a little ^ir 
and to re-measure the total volume before combustion. ^ 

Raf/id jeint estimation of carbon monoxide and hydrogen. As these 
two gas^s are, volume fo*r viAume, offlnearly [dentical calorific value, 
it often suffices to nwke a joint determination of the Uvo, after 
absorption of t^e carbon dipxide. For this purpose it is necessary to 
employ a combustion pipetfe frith a movable reservoir, CR, as shown 
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in Fig. 151. The measurement after combustion is omitted, in order 
jto save time. The large stopcock S is closed as soon as the gas has 
been driven over into the combicstion pipette O. After combustion, 
the tap of the potash pipette K is opened, and the gas directly trans¬ 
ferred, by raising CR and fitially closing; the tap of O ; after allowing 
one minute for absorption, the stopcock S is opened, the residue drawn 
back into the measuring tube, and the tap of K closed. Two-thirds of 
the contraction ei^uals the percentage „of combustible gases,” i.e., 
carbon monoxide and hydrogen. , 

A simpler and more compact form of th^s apparatus is also made 
which is specially suitable for tbe work of m?.rine engineers. 

A modified Orsat apparatus, specially designcdi for the analysis of 
producer gas, has been' devised by Meyer.' The measuring burette 
has a capacity of 120 c.c, and a platinum spiral combustion pipette is 
provided. , ' 

Bunte’s Gas Burette'' (Fig. 152) is a development of a simpler 
form of apparatus due to Raoult;' and consists of a burpttc A 
provided with taps a and l>, of which i.^ a three-way cock; the burette 
is fitted with a water-jacket to protjcct it against rapid changes of 
temperature. The space between the tap.i is rather more than too c.c,, 
and is divided into fifths of a C:c. The'ifx) c.c. clivisibn coincides with 
the bottom of the tap b, and tfiif ^cro is 6 or 8 cm. above the lower 
tap a ; the divisions arc marked for 10 c.c. below the zero. The funnel 
c is provided with a mark, and all measurements are made at atmo¬ 
spheric pressure, plus the pre.ssure of a column of watpr, contained jjo to 
this mark in the funnel. The reservoir C, which can be attached to the 
bottom of the burette by a rubber tube as shown, serves to filf the 
burette with water, or an ordinary funnel may be used.^ 

The sample of gas to be analysed is introducechby first filling the 
burette with wator from the 'reservoir C ; the taps q and b are then 
closed and the rubber tube from C detached. The three; wSy tap b is 
then 'connected with the gas supply, and the "sample drawn "into the 
burette by running water out of the bottofr. tap a. Rather more than 
too c.c. of the gas is drawn into the burette, and the adju.stment to 
the zero mark' is then made bv means of the aspirating bottle S. which 
serves for forcing water info the burette, or for withdrawing it therr- 
from. The rubber tube s i^ filled with water by'blowing at t, so as to 
rejpaove all air, and whilst the water is stil' running out, it is attached ■ 
to the tip of the burette at a. For the adjustment, the gas in the 
burette is compressed to about 95 c.c. by forcing water in frqm the 
bottle S. The tap a is then closfxl, j detached, and the water pautiously 
run out, through a, exactly to the zero mark. ,The gas is now under 

* Z . an ^ ew .' Chtm .^ l8, 446, Dtngl . polyt . J ., 1878, 228, 529. 

• ■* CompUs rtnd .^ 187^, 82, 844. 
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excess pressure, which is corrected by filling the funnel c up to the 
mark with water, and then mome^jtarily opening the tap b, when the^ 


excess of gas escapes 


through the water. The 
burette now contains 
exactly lOO c.c. of gas 
at trib atmospheric pres¬ 
sure, plus the pressure 
of the column in the 
fun^jcl c. When the 
burette is filled by draw¬ 
ing the sample o_f' "as 
tiirough it with an 
aspijator until all the 
air has been expelled, 
the adjustment is made 
by cou’^jressing the con¬ 
tained gas, by attaching 
the vessel C to the 

burette, and then ad- 

* * * 

justing as above. 

In order to absorb 
any one of the con¬ 
stituents of the gas, the 
abioebing liquid i« intro¬ 
duced into the burette 
by first drawing off the 
watef below -*hc zero 
mark by means ’of S, 
the rubber tube,r being 
attached Jhe burette, 
after first filling it witft 
water. The t;Tp a is then 
opened, and by applying 
suction at /, the water is 
"sadily withdrawn to a 
point a little above the 
stopcock. The, suction 
bottle is then discon- 
necte,^^ tijp burette re¬ 
moved £rom the clamp, 
an'd the lower end in¬ 




serted in a cup containing the absorbent, when oi^ opening a the 
liquid at once rises into tlje liurette. The tap is then closed and the 
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contents of the burette well shaken to facilitate the absorption of the 
gas. A further quantity of liquid i^ then admitted as before, and this 
is repeated, the burette being shaken after each absorption, until the 
level of the liquid in the burette remains constant. The pressure is 
adjusted by filling the funnefc with watf,r and opening the tap b, when 
a little wateh will entel the burette; the adjustment for pressure is 
completed by filling c to the mark with Water and then closing Z>, flihen 
the reading can be flaken. , 

As the absorption liquids adhere to the walls of the burette, it is 
preferable to replace them by watdr before thr- final readings are tajeen, 
by removing the absorption liquid by mearrs of the suction flask, and 
replacing it by water, introduced through the funnel c; after repeating 
this two or three times', the liquid is completely replaced by wate'f. 
Another method is to wash out the burette by a steady stream of 
water, introduced thfough the funnel c, and run out 
through a, the two taps n and b being opened during 
the washing; when the absorption liquid has been fully 
removed, the pressure< i^ adjusted • as before, and the 
reading taken. Furthpr absorptions are effected suc¬ 
cessively by suitable absoi-bents j the composition of 
the solutions employed is given on pp. 241-247. 

After each arfSlyps the burette should'be thoroughly 
cleaned, as otherwise errors are likely to arise, especially 
in the determination of carbon dioxide, which may be 
either absorbed or produced by dirt present in»-''he 
burette.' 

Honigmann’s Gas Burette —This burette is especi¬ 
ally intended for the estimation of caftan dioxide in 
the carbonating gases of the ammonia-soda proces.s. 

•It oonsists of a'measuring tube A (Fig. 153), of 100 c.c. 
capacity, closed at the top by the tap a, ?nd,open at 
the bottom, where a stout rubbcT tube is attached at b. 
The absorbing liquid is cccqained in the cylinder C. 

- The sample of gas is introduced through a, by an 
Fio. 158 . • aspirator, and,after all air in the burette has been 

thus expelled, the tap is closed and the burette immersed to the zer^- ■ - 
m'ark in C, which,is filled wit'i a .solution of potassium hydroxide ; the 
tap a is then ^opened momentarily, and txactly lOO c.c. of gas, at 
the atmospheric pressure, is obtained. The absorption is effected by 
first immersing the burette somewhat lower in the solutiov, stf'as to 
wet the sides with the absorbent, and th^n drawing it out, soi'^hat the 
bottom of-the rubber tube remains in the solution, whilst the burette 

^ Cf. F. Fischer, ^ angew. 1890, 3, 599; Uald'.nc, Methods of Atr Analysis^ 1918, 

pp. 39-42. . ' 
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is raised over the edge of the cylinder. The potassium hydroxide at 
once begins to enter the burette, and after agitating a few times the 
absorption Is rapidly completed. The burette is then placed in the 
liquid, so that the inner and outer levels are the same, and the reading 
taken. The method is not oije of great ‘accuracy, but it is extremely 
simple and quick. > 

Pfeiffer's Gas-Analysis Apparatus.* —The following considerations 
have been advanced by PfeiJTer with regard fo thcimethod of analysis 
adopted, more especially with hi? apparatus. The errors that may 
arise in the estimation o^ carbon monoxide by absorption’ with cuprous 
‘'chloride are not altogether overcome by using a second absorption 
pipette, as a partial absorption of the residual gases, other than carbon 
Monoxide, may possibly occur. Pfeiffer theitfore considers that it is 
both simpler and more accurate to estimate the carbon monoxide by 
explosion simultaneously with ’the hydrogen and methane. He also 
prefers to oxidise-the hydrogen and rqethane together,'rather thjin to 
adopt.thc method of fractional ccunbustion. P'rom these considerations 
the course of analysis adoiActl consists in the successive estimation of 
the carbon dioxide, heavy hy.,drocarbons, oxygen, and possibly the 
hydrocarbon vapours by absorption, and the combustion of the residual 
carbo'n monoxirle, hydrogen,*and methane. By estimating the carbon 
dioxide fomied, the total contraqtioif, and the residual nitrogen, after 
the 'removal of the excess of oxygen by means of phosphorus, the 
nece.ssary data for calculation on the fines described on p. 258 are 
o^'^ained. A complete analysis of coal gas can be carried out by this 
method in three-quarters of an hour, and very accurate results, it is 
stcTted, can be obtained. 

The appa?''tus consists of the burette and levelling bottle (Fig. 154), 
two or three absorption pipettes (Fig. 155), a phosphorus pipette, and 
an explosion pipette (Fig. 132, p. 254). * » » 

The'bqfette B, which serves as the measuring tube, is provided 
with a stopcock h, aftd funnel, and is attached to the pipette P, as 
shown ; the 'capacity of fhe burette ‘is 100 c.c. The lower end of the 
burette is connected by the rubber tubing S,*with the.levelling bottle 
N, of 300 c.c. capacity. Water acidified with 0-5 per ccm. of sulphuric 
- acid is used as the confining liquid to prevent the absorption of 
carbon dioxide and'to take up ammonia .vapour after the absorption of 
the hydrocarbqn vapours. • ^ 

The absorption pipette, which permits of the replacement of the * 
gas tlje capiHary connecting tube by water, is shown in Fig. 155, 
the capillary side tube V be^ng conn(TCted to The burette; by altering 
tfie position of the stopcock p, in a manner wliich can be readily seen 
from the diag'ram, water may be run from the funnel ^into the capillary 

‘ J^Gafhtkuchi., 1899, 42, 209. 

• ’ * 
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f, and the air expelled before connecting with the burette} and when 
drawing the gas back to the burette after absorption, the absorbing 
ifquid is allowed to rise only to th? stopcock /, after which, by turning 
the latter through an angle of 90", water is run from the funnel t into 
the capillary c, thus forcing the gas which Remains in it into the burette; 
this operation is carried out before each reading. In place of the 
wooden or metal stand used by Hcinpel,othe tube is bedded in a sheet 
metal case by meant of paraffin wax or pl;\stcr of Paris. 

The burette 15 is first filled conjpletcly with water by raising the 




levelling vessel and opening the stopcocks h and /q and the .sample then 
drawn in by lowgriiig the levelling bottle in the usual mfinncr, untH the 
volume of gas is a little below the aero mark; the stopcocks kre then 
closed,.and the levelling bottle again raised. Tb measure off exactly 
100 c.c., the lower stopcock is carufiilly op^ied and the w'ater allowed 
to rise to the _true zeri; the upper stopcock is then momentarily 
opened, and tIfC volume checked in the usual manner with the levelling 
bottle N. In the first readilig the zero lies as much below the zerev. 
ma/'k as is equivalent, to the, content of the capillary at /;, since the 
latttr is filled with water in 'the subsequent measurements and the 
' too c.c. graduation is at the lower end of the capillary. This correction 
(generally 0-2 c.cf.) is, therefore, determined once for all as f9llov}_s;— 
Air is introduced into tht burette^ to abou^ the division 90, theij water 
until the c^illary at h Vs filled, the stopcocks clqscd, and the reading 
taken after two minutes; meanwhile the water is compleVcly removed 
from the capillary tube of the stopcock, tlie ‘vater then run out of the 


I 
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capillary ii^to the burette and another reading taken ; /he difference 
between th^ two readings gives the capacity of the capillary. It is 
advantageous to use a meniscus screen, such as that of Gbckel (p. 36), 
in taking the readings. , 

An improved form of burette desigr>ed by Pfeiffer,' especially for 
the analysis of coal gas, is shown in Fig. I56,)and as arranged for the 
explosion of the combustible gases in Fig. 157. The bulb at the top of 
the burette is connectet? by, a narrow tube 'to thp lower bulb, which 
latter is provided with a mark w/, which serves for measuring off the 
gaj residue taken for combustion, * ' ■ 

-1' he total capacity of the burette 
between the two stopcocks is 
Sufficient to containHhe volume of 
^ air requisite for the com¬ 

bustion of the above ^ 4 s 
rcsiduoi The relative 
capacities of the two 
spaces, for coal gai and 
for carburetted wa^cr 
gas,should be a^aut 1:5. 

'I'hc capacity or the 
burette to m is marker] 

(R), also the total ca¬ 
pacity (J), and the 
voluiBc of nitrogen con¬ 
tained in J when filled 
with air, N^. 

Ciirhoii Dioxide. The 
pipctt?!(Fig. I55,p. 282) 
is fijled up to the tap 
^ith potassium hydrox¬ 
ide, and ft connected 

with the btlrctte as shown in f'ig. 154 . The stopcocks of both 
the burette and pipette are turned to the' position., in which the 
two funnels communicatS with each^ other, water pohred into one 
of them to expel the air from the cdnncction b-s-p, the stopcocks 
of the pipette aifd of the burette tipmed through 180°, and -the 
gas tran.sferre.d from the burette info the pipette. While it is 
passing over, the contents of the pipette are shaken for a moment,' 
so rwf to, mix the water from the capillary connections with the alkali. 
As sq^n as the water feac',,es the stopcock ‘p, the burette stopcock b 
is closed ; the absorption is complete in one'minute. Thc,gas is then 
syphoned back to the burette by lowering the levelling bottle until 
1 ail^ew. Chtm.. 1907, 20 , 22. 
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the alkali reaV-hes the stopcock p of the pipette, which is then turned 
through i8o°, and the gas in the capillary,washed ojit as before 
by means of the water in the pipette funnel. The burette stopcock b 
is then closcd'and the reading taken as usual, after allowing to stand 
for one minute. ' f 

Benccne Vapour. —Th'is is absorbed with ammoniacal nickel cyanide 
solution (p. 242); after shaking for threfc minutes (it is preferable to 
facilitate the shaking- in '■fiis case by detaching the pipette), the residual 
gas is returned again to the burottc where the ab.sorption of the 
ammonia vapours is effected by ‘the acidulated water u.sed as fhe 
confining liquid. As a check, about 0-5 c.c. ‘of fresh acidulated water 
is introduced into the burette from the pipette funnel. 

Total Heavy Hychvcai'iions, or only ethylene if lacnzene is previously 
aKsorbed, arc determined by absorpti(jn with bromine water, and /he 
bromine vapours subsequently pcmove'd by potassium hydroxide; three 
minutes, with frequent shaking, is necessary for the absorption. 

Chygen is estimated in the phosphorus pipette. The capillary.space 
between the pipette and burette is cleared by forcing the water from 
the pipette into the burette funnel by attaching a piece of rubber tubing 
to the open end of the pipette and blowin^.'i, ^ ^ 

Carbon Mono.xidc, Hydrogen, Methane, and Nitrogen. The explosion 
pipette (Fig. 132, p. 254, and Fig.' 1 57,, [). 283) is used for tfie estimation 
of these gase.s. In the analyses of coal gas, from 20 to 22 c.c. of the 
gas left after absorption, which requires about five volumes of air for 
combustion, is first measured off in the burette by allowing the excaes 
to escape; since, in doing so, the capillary at b is freed from water, 
its capacity, as determined, must be added to the reading. The 
burette and explosion pipette are then connected, the atr in the con¬ 
necting capillaries displaced as described above, and the gas passed 
over. The expJosien pipette Is then disconnected aud the burette 
filled with air. The air is then transferred to the explostw'pipette, 
the water allowed to rise as far as, the bulb of*the pipette, the stop¬ 
cock a is closed, and the small Ijuantity uf water remaining in the 
explosion chamber A withdrawn into the re.servoir B, so that only 
the V-shaped *conncction rema.ins filled with water; the stopcock b 
is then closed. The mixture is sparked in the usual manner, the*— 
pipette stopcock carefully opened so that the enclosed water comes 
baclj into the explosion chamtef slowly, arfd the residual gas, con- 
‘sisting of nitrogen, carbon dioxide, and a little oxygen, passed back 
into the burette. " , “»• 

The carbon dioxide formed i(i the ccrmbilstion is then ab,sorbed 
with potassium hydroxide, and the excess of oxygen with phosphorus, 
whereby a direct picasurement of the total nitrogen, inclusive of that 
added as air, is obtained. 
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Bone eind Wheeler’s 'Apparatus —This apparat'is/ which is 
exceedingly convenient for the rapid analysis of all gases met with 
in gasworks! is a simplified form oLthe apparatus employed by Bone 
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for research," which was in turn a modification of the Frankland 
appafatiw, including alterations introduced by.Maclcod and Dixon. 

. Th« arrangement of thef variou.s* parts of.the apparatus is shown 
in Fig. 158. .It comlprises,'essentially, three parts, viz.(1) a water- 

1 /. Soc. Chtm. Ind., 1908,^27, jo. froc. Chtm. Sac., 1898, p. 154. 
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jacketed combination of measuring and'pressure tubes,. A and B, 
communicating, through the glass tap, C, with the mercury reservoir, 
t); (2) an absorption vessel, F, standing over mercury in a porcelain 
trough, G; ('3) an explosion tube, E, fitted with firing wires, and 
connected with a separate mercury reservoir, H. All the connections 
between A, E, and F arc of capillary bore, with suitable glass taps 
where necessary. The diagram also shows how connection is made 
between the measiS-ing tube, A, and the,special “sampling tube,” K, 
when the latter is employed for, the introduction of the sample 
under exalnination. The sample‘-may also„bc introduced into _the 
apparatus from an ordinary f.e.st tube il^scrted under the wide' 
open end of the aksorption vessel, F, filled with mercury. Before 
commencing an analysts, the whole of the hjrparatus, includin|g 
all the connections between A, K, and F, is completely filled with 
mercury, and all the subsequent ‘^^[rerations are conducted over 
merttury. ' ’ . * " 

The various parts of the apparatus<ire suitably mounted on a .strong 
wooden stand (oak or teak), with four vertical steel nods supporting the 
shelf upon which the mercury trough, G, rests; the same rods also 
carry another shelf for reagent bottles. '^„The mercury reservoir, D. 
can be raised or lowered (to the ground level, ii* required) by incans 
of a wooden carrier with suit'a'olc, pulley and ratchet' wheel. The 
whole apparatus stands in a wooden tray 2 ft. 4 in. by i ft. 6 in. with 
I in. raised sides. 

The salient features of the working of the apparatus are ^is 
follows;— 

(i) The principle of measurement is that first introduced into 
gas analysis by Regnault, and subsequently adopted by Frankland, 
viz., the measurement of the pressure of the gas (in' mm. of mercury) 
at constant voliwie,. For this purpose the gas is brou,ght to a certain 
“constant volume ” mark in the measuring "tube, A (by .suitable'manipu¬ 
lation ' of the mercury reservoir D and the tap C), and its pressure 
read off on the pressure tube, B. 'Inhere arsia scries of silch “constant 
volume” marks on A, each coinciding with a 100 mm. mark on the 
pressure tubd^ B (f.e., with o, ,100, 200, etc* mm.), so that the actual 
pressure of the gas is given' by subtracting from the “pressure read- ■ 
ing” the numbers 0, too, or a%o, etc., according to thb particular constant 
volume mark selected for the analysis. The tubes A apd B are made 
in one piece, and arc surrounded by a water-jacket, and their inner 
surfaces are kept moist with very dilute sulphuric add (l iij 20^ as a 
precaution against the accidental^ foulingiof the measuring tu^e with 
alkalis; the wetting of A and B with the samediquid eliminates the 
influence of water vapour upon the gas measurements, the various 
pressures representing those of the dry«jai under examination. The 
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tap closing ihe upper end of the pressure tube is connected with it by 
means of stout rubber pressure tubing, a device which gives a perfectly 
tight joint with sufficient elasticity to prevent fracture in case the 
mercury in B is inadvertently allowed to run up the tubo with unusual 
velocity. This tai) also allov's of a vacuum being easily made in B 
whenever necessary. The advantages of tlvs mode of measurement 
over the more usual method-of determining the volume under atmo¬ 
spheric pressure are twofold, viz., («) it allows o" the use of smaller 
volumes of gas for an analysis; thus from 5 to 10 c.c. of gas can 
bc^made to have a pre.^sure of ido inin., according to the particular 
‘Volume mark selected, and this pressure can easily be read off 
to within 0-2 mm. without employing a telescope; and {!>) the 
Tn easurements arc, of course, independent ^of readings of the baro¬ 
metric pressure, and at the same time are unaffected by the tension 
of aqueous vapour. ‘ 

(2) The length of the pressure tube, B (about 700 mm.), amply 
provides for the proper ililuticn of the “ explosive mixture ” in an 
explosion analysis, even in the case of a rich gas such as coal gas. 

(3) The arrangements for the various “ absorptions ” arc simple, 
all being carried out over p^iCrcury in the one absorption vcs.scl, F, with 
a coinparatively small volume of the particular reagent, which is always 
used fresh ami is at once discardetl after use. 

To facilitate the introduction of the various reagents, and the rinsing 
out of the absorption vessel with water or dilute sulphuric acid in situ 
Ijptween each siiccessive reagent, the wide (open) end of the vessel is 
immersed under the mercury in the trough, G, whilst the top terminates 
hi* a capillary three-way tap. One of the parallel branches of this 
tap'communicatcs through a stout rubber joint, with the measuring 
vessel. A, and \hc other with a water pump, a large bottle being 
inserted between the pump and the' absorption .vcfsel to serve as 
a trap Toi^ either the mer§ury or the reagent which is being dis¬ 
carded after use. Th*e insertion of a tap between the pump and the 
bottle obviates the nccesrtty of the’eontinuous exhaustion of the latter, 
a single exhaustion at the outset of an analysis bejng all that is 
required. ‘ , 

• From 3 to 5 c.c. of the reagent to be used is introduced into the 
absorption vessel (previously filled with^saercury), by means of a suit¬ 
able pipette, frgm below the surface of the mercury in the trough, 
minute bubble of air accidentally introduced with the reagent can be 
got wl o^ by cacttiously opening the branch of the tap leading to the 
above-jpentioned exhausted, bottle the same device allows of the 
complete w'ithdrawal, of the reagent after use, without talking down 
the absorption vessel, and also of the rinsing out of the latter in situ 
with water, or dilute sulphirir, acid, before the next reagent is used. 
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The appamtus is arranged for fixing at the right-hand end of the 
laboratory bench, the guide rail for the mercury reservoir D being 
e'xtendcd to the ground level. A ivater supply and suitable waste pipe 
are required Tor the circulation of water through the water-jacket 
surrounding the measuring and pressurp tubes, and a filter pump for 
evacuating the large bottle used as a trap for the waste reagents and for 
any mercury carried over with them. n 

As the gas during the analysis is for the most part under consider¬ 
ably less than atmospheric pressure, it is essential for accuracy that the 
stopcocks should be perfectly tight; provided .that care is exercised in 
their selection, and that they a,re carefully .lubricated, no difficulty i.s* 
experienced in this respect. A suitable lubric.'int is prepared as 
de.scribed on p. 235. 'In cleaning the stopcocks a soft linen ra^ 
should be used, to avoid any abrasion of the ground surfaces. After 
each ahalysis the apparatus .should '“be washed out with 5 per cent, 
sulphuric acid. 

In the analysis of illuminating gas, the sequence of operations is 
similar to that adopted with other fosms -of apparatus. The carbon 
dioxide is best absorbed with 25 percept, potassium hydroxide solution, 
and the heavy hydrocarbons with a .solu'don of bromine in aqueous 
potassium bromide, followed by potassium fiydroxide. For the absorption 
of ox)’gcn, 5 to 8 c.c. of very concfhiti:ated potassium hydroxide solution 
is first placed in the absorption vessel, and then 2 c.c. of pyrogallol 
solution (i 07 ,. in too c.c.). For the carbon monoxide, two absorp¬ 
tions with 8 to 10 c.c. of the solution of ammoniacal cuprous chloride, 
made up as described on p. 243, are made, and the gas washed with 
5 per cent, sulphuric acid. ' ’ 

The whole of the residue is then mixed with at least twice its own 
volume of excess oxygen' or air (the quantity of gas originally 
taken must alkiw .of this being done). The gas is, transferred to 
the explosion tube, fired in the usual mamier under reduced pressure, 
then drawn back into the measuring ves.sel( and the contraction 
determined. The carbon dioxide formed, by the explosion of the 
methane is thcii determined by absorption with potassium hydroxide. 

The follov^ing table shows the method 'of recording the results in 
an analysis of coal gas;— 

, V = Constant volume nnirk selected on measuring tube. 

. R Reading of barometer .tube when gas is brought to the const.ant 

vqlume mark selected. Hence, R - V = pressure oF gas. 

T -= Temperature oF water-jacket. . *" 

C = Contraction 911 explosiol . ' 

A ^ Absorption by potassium hydroxide aFtcr Qxplosiou. 

^ Conveniently prepared by tljc interaction of a solution of hydrogen peroxide and a 5 |rer 
cent, solution of potassium permanganate. .1 ' 
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Coiiaiant 

A - 


. 

/“ 


Mark, 

T. 

u. 

bilTorence. 

UemarkK. 

• 

V. 


• 


i 

Original gas 

0 

iy-2 

*■ 

ir.8-0 


das taken -148’0. 

After KOH 

0 

15°‘‘2 

l<>4-0 

4*0 

CO,.-^4’OxlOO -M08’0 

„ Br . . 

0 

« 

15"'2 

158*1 

5*9 

= 2*4 jier (Cnl. 
K',. n„t = 5*9 x^OO f 168-0 

,, "Pyrogailol 

0 

15'’-2 * 

157*0 

0*5 

= 3’5 per cent. 
0=0-5 X 100 4-168-0 

„ Cu,Cln . 

0 

15"-2 

143-a 

14-3 

1 = 0*3 per cent. 

00 = 14-3x100-:-168*0 

Oxygen added . 

0 

.15-2 

5884 

... 1 

^ =8‘5 per cent, 
CITi = 52-9 X 100*-; lCS-0 

After explosion 

0 

t5"-2 

35i)-5 

• 228-OC 1 

. ^ 31 -5 I'cr <eiit. 

^ „ KOII . 


15’-2 

300-li 

r>2 -gA J 

11 = 5 ( 228 - 6-2 X .52-9) X 100 
-f 168*0 = 48*7 percent 


Vherefore :— *i • 

C()„ - 2.4*pcr cent. * 

3.5 , • 

O., 0.3 . „ • . 

Nm (by difference) 


. CO = 8.5 per cent. 

CH, - 31-5 

H., 48.7 „ 

-- 5.1 per cent. 


. • • , 

Haldane’s Apparatus. —Haldane Mias devised two forms of appar¬ 
atus which liave found wide application, more especially for the 
analysis of mine air. 

The larger form of apparatus, which gives the more accurate results, 
i.s,shown in Fig. •159. When mine or other air is being investigated, 
the sample is collected in a 3-oz. bottle (about 90 c.c.). The stopjier 
is’greased with vaseline, and during transport is held firmly in position 
by an elastic band^. The bottles must be dry and clean. They should 
be cleaned with a brush, rinsed with clean (preferably distilled) water 
and dried completely. (Alcohol, ether, etc., should itot fee used for this 
purpo.se, as iVaccs may cause Serious error.) 

To introduce the sample of g^ iijto the apparatus, the boftle is 
inverted in a mercury ttbogh and the stop[5er removed, under the 
surface of the mercury, by means of a pair of crucible tongs. The 
sample is then drawn in through a curved tube attached at C. The 
gas-burette A is about 32 in. (800 ,mmj long, and is provided at 
the top with a thre 5 -way tap. Its upperr'vide pbrt.is about 25 mfn. 
in diameter and.has a capacity of abouj 15 c.c. The graduation, wh^h 
is to O'Oi c.c., extends down the narrow part, which is ^-5 mm. in bore, 
from about 15 to"2i c.c., the capacity being measured from the tap (not 
in^ludiug its bore) to the upper surface of tj^^ mercury. There are 

# • 

’ See Journal of*i''hysiolo^}\ 1898, 22, 466. 

“ 'rhese are supplied by Messr£| Siebe, Gorman & Co.,•187 Wcstifiinster Bridge Road, 
London. * 
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also marks at the initial 5 c.c. on the wide part. With this burette 
jt is possible to read the gas volume without the aid o^ a telescope, 
correct to o-oor c.c. A water-jacket surrounds the gas-burette, and 
the water is mixed by blowing air through a glass tube passing to the 
bottom. The burette is connected by means of thick-walled rubber 
tubing of about 3 mm. bore, with the levelling tube B about 15 mm. 

wioe, and by raising or lowering 
this tube, gas is expelled from or 
drawn into the burette, and the 
pressure of the gas adjusted. 

One of the three-way connec¬ 
tions, C, of the tap on the burette 
is used for taking in the sample, 
and the other connects with ab¬ 
sorption and combustion pipettes 
arranged as shown. The absorption 
[up -'ttes E and F arc about roo mm. 
by 30 mm., ahd F is filled with 
glass tubes to inereasc the absorb¬ 
ing ‘Trface. The glass tubes whieh 
lead from them must have a bore 
of about 2 mm. E is filled with 
eaustic potash or caustie soda 
solution (about loper eent. strength 
usually, unless gaies such as nitrcis 
oxide, which arc very soluble in 
water, are present, when a concen¬ 
trated solution is employed)' and 
is connected with the movable 
reservoir S by black rubber tubing. 
F contains alkaline' pyogallate 
solution. G and H, each of about 
30 C.c-. '.capacity, arc partly filled 
with the strong potash solution, 
to protect the pyrogallatc solution from oxidation and to prevent 
it from becoming gradually fliliited with water. 

The pressure in fne buftirtc is adjusted by using the pota.sh pipette 
as a pressure gauge and bringing the surface of the potnsh before every 
reading of the burette exactly to the mark M. The control tube N, 
standing beside the burette in the water-jacket, is employed to make 
the readings of gas volumes entirely independent of ch.-'nges of 
temperature, barometric pressure, and percentage of moisture during 
the analysis. The connecting tubes from are of the same diameter 
and about the same length as tho.se fr unv the burette. A three-way 
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tap at P enables N to be connected with the atmosphe/e. By means 
of the f-tuhe O the potash solutiou is brought into connection with 
At the commencement of the analysis, the potash solution is adjusted 
to the mark R by raising or lowering the potash rescrvo'ir S, P being 
meanwhile open to the air. P«is now turfted so that the control tube 
is connected with the potash tube only, and is hot again opened till the 
analysis is complete. Each \ime a reading^ of the burette is made, 
the potash is brought to'the'* mark R by raising lowering S. The 
potash in the absorption pipette is <hcn brought to the corresponding 
jnark M by adjusting tin? levelling tube, Readings of the burette are 
thus compensated for variations of temperature and barometric pressure, 
which arc thus always adjusted to tliQse initially' ruling in N. The lower 
part of the control tube is kept full of water, and the inner surface of 
thc»burcttc i.s kept moist, so that^ gas in the burette and cor^rcl tube 
is always saturated with water vapour. ‘The water us^for moistening 
the inside of the "burette sh6uld be sHghtly acidified with .sulphuric 
acid in case alkali derived frjnn' the gla.s.s should render it alkaline. 
If the burette i.s allowed to Isecofne dry, appreciable errors occur. 

riie combustion pipette T, which is filled with mercury, is about 
So mnj. by 30 mtn., aaid coiTtVns a spirjil of three turns of fine platinum 
wire which c:;n be heated by curr^ijt from a four-volt battery, a 
rheo.sjat bchig also included in the circuit. The pipette is closed 
below by a cork soaked in paraffin, so that the platinum spiral may 
easily be removerl when necessary. The cork is secured by wiring 
t(4 prevent it beidg driven out by aii accidental explosion in the pipette. 

In general, at the commencement of ;in analysis, it is necessary to 
fin the capillary connecting tubes with nitrogen, 04c, that left at the end 
of a previous anal,ysis. The pyrogallatc, mercury, and potash solution 
are successively adjustcrl to the marks,D, V, R, and M. The control 
tube t’apjs thcn»closcd to the atmosphere. The excess* of nitrogen in 
A is cvpclfed througlj C and the gas to be analysed measured off 
in A. Carbon dioxide is absorbcrl ljr*>t. As the mercury cannot be 
allowed to pass beyond JiJ tap on the burette, the sample must be 
passed backwards and forwuirds two or three times to cl6aj'-any carbon 
dioxide from the connecting tube. • , 

• When the sample contains only .tracss of combustible gases, the 
^ combustion is effected in X without dtThtion o*f tke sample. Tjie 
contraction on combustion is noted ar,d the carbon dicycide formed'is 
absorbed in the usual manner. Residual oxygen is iibsorbed in the 
pyrogSllate pipette F. If the oxygen content .of the sample is to be 
delermised, a separate analysis, omittkig the cambustion, i.s performed, 
and the oxygey consumed in the combustion determined by cKfierence. 
Methane, hydrogen, and cajbon monoxide ars detcrnisncd by calcula¬ 
tion from the results as aWeaWy e^jplained (p. 248 et scq?^. In many 
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samples of inline air, methane is the only combustible' constituent 
gresent; the analysis is then considerably simplified, as, the oxygen 
used in the combustion may be talculatcd and added to the residual 
oxygen found by absorption. 

When the sample contains much methane or other combustible 
con.stituent, it must be'diluted with air before combustion. In such 
case, nitrogen present fj'om the previohs analysis should be passed 
into the explosion jiipctte. A sample of gas is taken and a preliminary 
determinatjou of the carbon dioxide and oxygen present made, so 



that the methane present may. be appro.ximatcly estimated. A 
mixture of air and ga.s is then made so t'l.at not more than 6 per 
cent, of mefh'anc is present in the mixture. At least 15 c.c. of one 
constituent must be taken in order to permit accurate measuicment. 
Before the air and gas are measured, the residual gas from the 
preliminary analysis*' is siV'fipt from the apparatus by means of air, 
, after which the connecting tubes are cleared of air by means of the 
nitrogen stored in the combustion pipette. The necessary air is 
drawn into the pipette, deprived of carbon dioxide and measured; 
this is stored in the potash pipette whilst the gas is drawn 'into the 
burette aVid approximately measured. (Beforc=this is,done, air mu.st 
be expelled from the tube C by means of mercury from A.) The air 
is returned to the burette and the mixture measured ; the accurate 
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volume of gas taken is determined by difference. They analysis then 
proceeds as usual. 

The apparatus although prirrfarjiy designed for the analysis ef 
mine air is capable of general application where any particular gaseous 
constituent in a mixture, diluted with ^air or other gas, has to be 
determined with an accuracy of from 0 005 to^0 01 per coot. 

A smaller and easily pcytabic form of Haldane’s apparatus is 
shown in Fig. 160. The. apparatus is contamed iji a wooden case of 
internal dimensions 20x12x2^ in., which can easily be shut up 
'“'and transported. It is^ well to cork the open tops of the mercury 
•and potash reservoirs dpring transportation, in .case the apparatus 
falls over or is laid on its side. The principle adopted and the method 
6f use are exactly tl'e same as in the larger apparatus. 

In a further simplified form of the apparatus intended for the 
determination of small quantifies of,carbon dioxide only,Ah'e com¬ 
bustion and pyrogallate pipette.s are eliminated. Tilt manipulation 
is subfitantially as described abcjve. I'urther details will be found in 
Haldane’s Method^ of Air J^injysis, 1918, pp. G7-7C, where a number 
of other modifications of the orij^inal apparatus are also described, 

Jaeger’s Apparatus. —Xhe method of analysis adopted by Jaeger* 
consists in the estim*ation ol* carbon dioxide, heavy hydrocarbons, and 
carbon monoAide by ab.sorption, follo^»ed by the fractional combustion 
of hydrogen and methane over copper oxide at different temperatures ; 
as no air is added for the combustiob, the whole of the residual 
^as after the i^bsorptions can be u.sed for the estimation of these 
constituents. A further advantage of the method is that the nitrogen 
can be determined directly. 

The apparatus is shown in Fig. 161. The burette is a modified 
form of that of Ftintc, narrowed at the top to permit of more accurate 
readings and provided with a side exit <ubc ; it i.s tyiclqsed in a water- 
jacket. • TJie absorptions ate carried out with pipettes in the usual 
way. *For the fractiefrial combustion of the hydrogen and methane, 
the copper Oxide tube (Fig. 136, p.*26o) is connected up with short 
pieces of rubber tubing, v,, sn, bound with wire, to a Hempel pipette 
filled with potassium hyA'oxide solution on the one sfde, and with 
the side tube of the burette on the otherT below the combustion tube 
is placed the bunsen burner b, proviclcd tyith a special regulating fap 
• and a fan-shaped top. A framework ftf sheet iron attached to "the 
burner carries a cover in which a short thermometer graduated up to * 
270° k fixed so <hat its bulb lies close to the side oT the combustion 
tube. At the beginning‘of the test the solution in the pipette is forced 
up to the mark ni of the capillary by blowing'ffirough the tube when 
the upper bui'ette cock is in position I.; the stopcock is tfien closed 

^ J. Lasbeleucht.y l 8 ^ 8 , 264 ; Z. augew, Cnem.^ 1899 , 12 , 173 . 
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with a quartet turn (position III,), and the'tube slowly heated to 250” 
and kept at this temperature with as little variation as possible. As 
s'oon as this temperature is rcaclje'd the upper stopcock of the burette 
is opened (position II.), then the lower one, and the levelling bottle 
I raised. On passing the gas 

. ^ 5V '' slowly from the burette to 

f 1 , the pipette and back again, 

< ' the hydrogen is completely 

® O O ® I'*” I I ' oxidised. After cooling,the 

^ Is ' water in the p’pette is again 

|;)rought to the mark m and*' 

7 '' aT'' 1 the residual gas measured. 

Jl iA !• ; The 'correction to be 

t • i j I Ji. applied for the oxygen ol 

[ I :„^2 |j|l « “ the air initially cnclosecl in 
E y I'JI ^ the coraljustion tube, which 

participates in the oxida- 
iX ij Jl ^ ^ hydrogen, is 

3 ' l»r 1 once for all by filling 

J ^ • the burette with pure hy- 

Z— rOi “"drogefi afid deterndning 

M. I the value of rfie correction ; 
■m * it is approximately O'5 c.c. 

^ and is to be subtracted 

50 from the hydrogen contrac- 

iJh tion found. The corrcctio''n 

)1| must also be added to the 

^ volume found for nitrogen 
! ^ at the end of the analysis. 

For the subsequent 
^ , combustion of the methane, 

\\ Jl the' cover with fnermo- 

. trieter is remo'.'ed, the tube 
Heated with a more power- 
Fia. 101. Tul flame to a bright red 

- ' heat, and the gas repeatedly 

passed over the copper oxide Cll no'furthcr decrease in volume takes place. 
Th'e carbon dioxide formed bj the combustion is retained in the alkali ■ 
pipette; the decrease in volume,'therefore, corresponds directly (without 


correction) to the methane present. The residual gas must be ajlowed 
to cool to the temperature of the room before taking the final‘leading. 

The incombustible'"gas residue, increased by the volume’’‘of the 
oxygen previously enclosed in the copper oxide' tube and afterwards 

consumed (correition vake), gives the nitrogen content of the gas. 

h ' 
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For the determination of the percentage of nitrogen only in a 
sample of gas, the latter is placed in the burette, the copper oxide tube 
at once hcafed to a high temperature, and the gas passed backwards 
and forwards into the potash pipette until no further contraction 
occurs. All gaseous constituents other than nitrogen are thus com¬ 
pletely removed, and the rcsicfual volume of ^as, read after complete 



cooling, plusthe corrcctiou /or the *ox;^geii content of the copper oxide 
tube, gives directly the amount of nitrogen in the gas, and its per¬ 
centage if 100 c.c. have been taken. When many sucti tests havelo 
Ije made, it is convenient to displace the»air in the copper oxide tube 
by nitrogen previous to the test; theif no ffprrectign is necessary. , 
After each test the cc^sper oxide tube must be Ifeated in a current 
of air to rc-oxidisc the reduced copper.’ • 

Tlje results fibtained by this method are satisfaetory as regards 
accuracy.* The combustien of the methane is; however, very slow, and 
varies greatly according to the physical conditiJTf of the oxide of copper. 
The “Mettogas”* Apparatus. —F,. V. Evans' has described a form 

' Gas WorU, 1911^ 55^ 814 ; J. Gas Lighun% 1911, I16, 819. 
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of apparatus ^nabling the method of comrbustion with cupric oxiuc to 
be applied very conveniently to the determination of the nitrogen in a 
gaseous mixture, more especially in'illuminating gas. 

The apparatus,* Fig. 162, consists essentially of a graduated burette 
A containing sodium hydroxide solution, an acid burette B con¬ 
taining acidulated water, a quartz tube C containing copper oxide, a 
sampling burette D containing acidulated water, and a CO^ generating 
apparatus E. ^ ' . 

The apparatus having been proved gas-tight, all air is expelled 
from the qukrtz tube and capilliry connecjtions by carbon dioxide. 
The sample of gas is drawn into the burqtte D and measured at o’ 
determined temperature; it is then passed slowly through the tube C 
heated to redness, into >the burette B. The gas'^is' p'^ssed backwards 
and forwards in this manner between B and D several times, after 
whichlba.residual gas is completely sy’ept into B by means of carbon 
dioxide, Thift^opcock H is closed and the mixture of carbon dioxide 
and nitrogen is transferred to A tg absorb the carbon dioxide and 
measure the nitrogen. If necessary, cgrlection is tpade for the dififer- 
ence between the temperature of the, nitrogen in A and the original 
temperature of the gas when measured in,D. 

Balcon^ and Smith® have described modifica'tions' of the Bobe and 
Wheeler apparatus (see p. 285 whereby nitrogen may be directly 

determined in a somewhat similar manner. 

3. Spkcial Muthods ok Determining Certain- Constituent.s 

IN GA-SEOU.S MIXTUKE.S, MORE ESPECIALLY IN CRUDE AND 

PuRiFDCD Illuminating Gas. 

Some of the constituent gases and vapours present in certain 
gaseous mixtuces, eg. in illuminating gas, cannot be rcqdily determined 
by the methods of volumetric gas analysis already de3'.,'rib(;d. For 
some constituents, such as ethylene, there is' no .specific absorbent 
apart from those for other heavy Irydrocarbons; the quafitity of some 
others, such as naphthilene and carbon bisulphide, is too small to be 
determined 'uy the diminution in volume’ on direct absorption. In 
such cases, special gravimcVric, volumetric, or colorimetric methods 
are. employed. . ’ 

’Examples of Gtration methods are described for the estimation of 
* suTphur dioxidS on pp. 393-400,' of hydrochloric acid on pp. 514-516, 
and of chlorine' on pp. 586-598, etc., in the Sections devoted Ao the 
industries in which they" are mostly employed. 

In making tests with'crude gas, certain precautions must be" taken 

^ Made by I^essrs Townson and Mercer, Camomile Street, E.C.3. 

J. Gas \ 02 . , ^ Gas World, 1 ^, 2 . 
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if results of any reasonable degree of accuracy arc to be obtained. The 
interior surface of the mains of the manufacturing plant is usually 
coated with\ar and ammoniacal lii^uor or water, and if gas be taken f»r 
such tests from a cock on the main, or from a small servict; pipe leading 
from the main, the slow stream of gas employed in making the test is 
largely drawn from that traveHing along t^ic surface of ths main, which, 
by tJie action of the tar and liquor on that surface, is often materially 
altered in composition a£ compared with this bull^ of the gas passing 
through the main at that point, with the result that incorrect and often 
“'Very misleading results we obtaine'd. The most satisfactory plan is to 
► place a cork carrying a pijee of glass tubing into a, suitable hole bored 
in the main and clpsed by a plug when not in use, the end of the glass 
tube projecting freW into the main. The other end of this tube is 
coupled, with connections as short as possible, to the absorbing apparatus, 
ruT?ber connections being avof'ied as,far as practicable,^qiid"where 
connections have,to be made with such tubing, the,....liis of the^ glass 
tubesjoined should be brouj 3 |jit flosc together within the rubber tube, 
so as to expose a ijiinimum.ot'rjibbcr surface to the gas. 

Where a direct connection^ to the main cannot be made in this 
manner, and a service pipe leading from it must be utilised, arrangements 
inusfbc made t 5 cn.?ure th*e*passing of a rapid .stream of gas through 
the latter whilst the test is in progwss, the gas actually used in this 
test being taken off from this service by means of a suitable "Ij’-picce. 
These precautions are also advi.sable c\^cn when testing purified gas, 
although the cyror caused by their non-observance is usually not so 
^rcat. 

. Special methods of determination arc described for ethylene, 
bciKcne vapour, acetylene, oxygen, carbon dioxide, carbon monoxide, 
sulphuretted hySrogen, carbon bisulphide, total sulphur compounds 
other than sulphuretted hydrogen in coal gas, arrynoyia, hydrocyanic 
acid, nuplij/halene, tar-fog, iixides of nitrogen, sulphur dioxide, and 
hydrogen phosphide.* 

* ,* • Ethylene. , 

The following is the m<ithod devised by Haber and V*. ©cchelhauser ’ 
for estimating ethylene and, indirectly,’ben 7 .ene in coal gas by the use 
of bromine (sec alsp p. 241). ’ . . 

About 90 c.c. of the gas is run into * Eunte bui^tte, the confining 
water sucked but in the usual manner, and a standard solution* of 
brorrync water (about half saturated) allowed to run into the burette up 
to a defiTiite mark, which is noted {e.g., the 5 c,c. mark). A little water 
is th(»fi allowed to enter to clear the capillwy tube and stopcock of 
bromine water, and tlie burette shaken for two minutes, after* which the 

* A 43 * 347 * 
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colour of bromine vapour should still ba distinctly visible. After a 
further three iViinutes, a solution of potassium iodide is sucked into the 
burette, the latter washed out with 'water, and the iodine ‘liberated by 
the unaltered bromine titrated with sodium thiosulphate and starch. 

A blank test of the bromine water is made by drawing up some of the 
solution to the same markkas before, hdding potassium iodide, and 
titrating the solution, "i’he difference ip the quantities of N'jio thio¬ 
sulphate used in th^ two tests gives the amount of bromine which has 
combined chemically with the ethylene; i c.c. of iVjlo thiosulphate 
corresponds to i-2 c.c. of ethylene at 15° and 760 mm., or 60° F-. 
and 30 in. , 

Homologues of ethylene, if present, also combinq with bromine, but 
as unit volume of any .olefine cirmbincs with the hame quantity of 
bromine, the total volume of olefines is correctly given by the tost. Un- 
saturatedjiydrocarbons of other seriet„'such as acetylene and its homo¬ 
logues, interfc'A:- .-’ith the results, as these absorb a much larger amount 
of bromine. For coal gas the amount pf .fech hydrocarbons is too small 
to have a material effect, but according to .Fritzschq,' they arc present 
in oil gas in considerable quantity, and^the method is not applicable to 
such gases. 

Benzene. 

/ ' * ■ 

The method of volumetric estimation by means of ammoniacal 
nickel cyanide has been de.scribed (p. 242), but sufficient experience has 
not yet been gained with the process under varying conditions to judge 
of its reliability. When the ethylene has been determined by thb 
method described above and the total percentage of heavy hydrocarbons 
by absorption with bromine or fuming sulphuric acid, that of bcnaenc 
is given by the difference of the two values. ' 

The most suitable method Tor the determination of benzene, etc., 
in coal gas is probably that devised by St .Claire Deville" and‘recently 
modified by him so as to make it applicable to gas containin;5 small 
quantities of benzene.'* The arlusuht of b9nzene and its' homologues 
is determined by passing the dried gas thro'Ugh a glass cooling coil 
im'mersed ilr a mixture of ice and salt sot that the gas is cooled to 
— 22°; the condensed hydrocarbons are collected in a tube and 
weighed. A correctipn is rrfade 'for the benzene otill left in the gas 
at -this temperatul'e. This amounts to 23 ;; g. of benzene per cubic • 
• metre (0-67 g. (yr 10-33 grains pdr cubic foot). 

When the gat contains very little benzene, it is dried by meins of 
calcium chloride and then cooled to —72°' by passing through a 
condenser immersed iiF'earbon dioxide snow in a Dewar flasR. At 

' J, Gashtlmcf^U^ 1902, 45, 281. 2 y; Cashdeuchl.^ l8gg, 42, 652. 

^ J. des Usines a Gas^ igiS ; Gas Joutna/, igig^pp.'.HS, 272. 
t 
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this temperature the vapoun pressure of benzene and other aromatic 
hydrocarbons is practically nil. The vapours are therefore all con¬ 
densed, ancf the residual gas mSy^ be measured by means of aft 
ordinary meter; the weight of crude benzene per unit volume of gas 
measured at lo" and 760 mm. pressure is calculated after allowing 
for the volume of vapour condensed. In thje case of coal gas, this 
is assumed to be i litre per 3-.'j3 g. (based on 3 vols benzene + i vol 
toluene). • * 4 

Harbcck and Lunge ^ have described a method of determination 
^^y conversion into dinitrpbenzcne \ihich has been much'simplified by 
•Pfeiffer.- The latter concerts the benzene vapour .into dinitrobenzene 
by treating about 500 c.c. of the gas, contained in a separating funnel, 
\»ith sulphuric arid' nitric acids, aVid estimates the dinitrobenzene 
produced by titration with stannous chloride according to Limpricht’s 
method.'* 

H. S. Davis and M. D. Davis'* have emploji^a a differential 
pressure method for the quan^tativc determination of vapours in gase.s. 
Two flask.s connected to tlic tivibs of a delicate differential pressure 
gauge are employed. One flask,is filled at atmospheric pressure with 
gas containing the vapour ^tjjc amount of which is to be determined. 
The other flask "s filfed at the same pi*cssure with gas from which the 
vapour is absent. The gas in er^ch*flask is now saturated with the 
vapour in question. The differential pressure indicated by the 
gauge is a measure of the partial pres.sure of the vapour originally 
in the gas. , 

* For most gas works purposes, the determination of benzene is 
r.'jrily required, but in coke oven works, where the gas made is 
frcqaeiitly washed with tar oils to recover the vapours of benzene 
and its homologflcs, a knowledge of their amount is desirable. The 
method usually adopted is to pass from <].o to 100 cti ft..of gas through 
a series «f f»ur bottles, each^harged with about 150 c.c. of heavy tar 
oil, whTch has been previously distilled till the thermometer in the 
vapour reaclits 270°. The gas is bifbbfed through the bottles at a rate 
not much exceeding i cb.*ft. per hour, and whin the required amount 
of gas has been passed, tlie combined oil from the flask 5 is distilled, 
using a 3-bulb Le-Bel-Henninger fractionating column, the distillation 
being continued up to 140°, and the distillate collected in a measurmg 
• cylinder. This consists cfeiefly of benzeflie with smUller quantities* of 
toluene and xylenes. The method is, of course, not a very exact one, but ' 
gives Jesuits which agree fairly closely with the yields actually obtained 
on the laPge scale in the extraction of the benzene hydrocarbons. 

. #• * ••• 

^ Z. anorg. Chem.y 1^98, l6, 41. • 

“ y. Casbi^eiicht., 1899, 42, 697 ; Chan, 1904, 28, 884. , 
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Vapours of higher boiling liquids in the gas may estimated 
approximately in a similar manner, by passing about^ too cb. ft. 
Through a train of wash-bottles cpiitaining heavy oils previously freed 
from low-boiling constituents. The contents arc then distilled till 
the thermometer reaches 2^0°, and the distillate fractionated, using 
a 3-bulb Le-Bcl-rienni|jiger column, and the volume of distillate for 
each 10° interval, up to 210° measured. , • 

Rhead ^ descrilys a flashing tower containing a number of trays, 
for the extraction and determination of benzene. Creosote or other 
oil of low vljlatility cnter.s the Top tray frpm a constant-head fe^en,'^ 
gravitates from tray to tray through scaled pipes and finally collects* 
in a receiver at the base of the tower. The gas after passage through 
a meter passes upward's through'the tower and*is”caused to bubble 
through the oil in each tower by means of hoods with serrated ed^cs. 
AbouT q'Sirres of oil arc requir/;d to'extract the benzene and toluene 
from, too cR'TlT' of coal gas. Crude benzene is recovered from the 
washing oil by steam distillation, and.de/ermined. , 

Lessing- packs a scrubbing tower wiClipieces of.inert material such 
a.s' porous brick, soaked in an oil of sqch viscosity that it is not unduly 
thinned or washed out by the solvent vapours derived from the gas. 
Very little resistance is offered to the flow of the gas, and the device 
permits of benzene, etc., being rdcoi^ered by steam distillation without 
removal of the absorbent from the tower. A device in which the gas 
to be washed is passed through a mass of condensing vapour has been 
described by Gray." . 

Lebeau and Damiens,^ and Burrell, Siebert, and Robertson® employ 
methods depending upon the fractional distillation of liquefied coal 
gas. The methods are especially applicable to the determination of 
compounds, such as thiophen, present in coal gas' only to a small 
extent. Such, constituents ate condensed and held, in solution by 
benzene or other added solvent. > ", *’ 

, i 

t 

, Acetylene. ' 

This h^rocarbon is prese,iit in coal g*as only in small quantity, 
generally not exceeding o-f per cent. The gas, purified if necessary 
from sulphuretted hydrogen,fis passed through twe Volhard absorbing 
bottles, each charged with 2b c.c. of concentrated arpmoniacal silver ' 
nitrate solution, which absorbs’ the acetylene with formation and 
precipitation of'silver acetylide, some silver being also formed»by the 
reducing action of othbr constituents of the gas. The filtered and 

^ y. Soif, t'hem. Ind.^ I9I7> 36, 767. ^ /. .S'tRr. Chem. /«f/.,,i9I7, 36, 103. 

^ y. Chem. iV., ipi7t HI) 179 ‘‘ Comptes rend., 1913, 156, I44 and 315. 

'' U.S. Bureau of Mines, Tecli, Paper No. 104 , 1915 . 
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washed prcaipitate Is cautiohsly treated with dilute hyd,’'ochloric acid 
on the filter^till acetylene ceases Jo come off, the resulting mixture 
of silver chloride and silver digc.ited with ammonia, filtered, the 
precipitate washed with ammonia, and the combined filfrates treated 
with nitric acid to precipitate,the silver thloridc, which is filtered off, 
and weighed ; i g. of silver chloride corresponds to ct 09072 g. or 
84-05 c.c. of acetylene measured moist at 15” and 760 mm. 

Oxygen. . . 

The technical importance of the, determination of oxygen in 
coal gas arises morcj especially in the purification of illuminating gas 
from sulphuretted hydrogen by means of oxitlc of iron. In order to 
iiK^easc the rate of purification and to revivify the oxide in silu^ air 
is customarily admitted to thc**purifiors along with the,.-gas. The 
most suitable proportion depends upon local circivnstances, but, as 
a general rule, it is found t:iat* the average percentage of oxygen 
should be rather m*rc than half the average percentage of sulphuretted 
hydrogen. t 

The Haldane^ gas^ analy.-i^ apparatus (p. 289 (V .rry.) can be readily 
adaijted to determine witli accuracy the o.xygcn content of the gas 
before or after purification. CarliDii'ilioxide and heavy hydrocarbons 
arc first removed by potash solution and bromine (pp). 241, 243) 
respectively, and oxygen subsequently determined by absorption 
with alkaline p)*i'ogallate in the usual manner. 

A colorimetric method of estimation has been devised by Pfeiffer,' 
depending on the depth of colour produced by a known volume of the 
gas ^n an alkaline solution of pyrogallol, this being compared with 
standards of iodine in potassium iodide solution made up to match 
the colours giv^n by known percentages of oxygei*; Lubberger- has 
applied “Watklcr's method fiSr estimating dis.solved oxygen in water 
to the estimation of oxygen in co^il <jas, the gas being shaken* in a 
Eunte buretfe with alkali tand manganous hydroxide in oxygen-free 
water, the manganese being oxidised to hydrated peroxide. ^ The latter 
is then treated witli potasftium iodide gncl hydrochloric acid, and the 
liberated iodine, equivalent in amount to*the oxygen taken up by the 
manganous hydro.xfde, is estimated by A /ioo sijdium thiosulphates in 
* the usual manner. • . 

The purity of technically prepared oxygen is determined as 
deserved on p.*246 by the use of copper wire kept clean and moist 
b^ a solution composed ot equal volumes of ammonia and of saturated 

ammonium carbonate solution. , 

• * 

1 /. Gasheleucht., 1897^ 40, 3 S 4 * ■ 1898, 41, 695. 

' * - t 
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Carbon Dioxide. 


= 1 - 


* The estimation of this constituent in illuminating gas by absorption 
with aqueou^'potassium hydroxide is not very accurate, as this reagent 
also tends to absorb some of|thc hydrocarbon vapours present. When 
greater accu'racy is req^iired, gravimetric or volumetric methods are 
employed; the former are carried out by absorbing the carbon dioxide 
in a weighed soda^ilimc tube, and the latter by treatment of the gas 
with standard baryta water by Peftenkofer’s method. In the formc^ 
method, the gas, if unpurified, mfist be first' freed from ammonia'by^ 
passing through dilute acid, and from har-fog and sulphuretted 
hydrogen, by passing through a tower filled ryjtji hydrated ferric 
oxide. The gas is then led through the meter, dried by calcium 
chloride, and passed into the weighed soda-lime tube, the last fart 
of whichYo with calcium chloride to prevent loss of moisture. 

Each g'am of CO, found corresponds 1^544 c.c. of the gas 
measured moist at 15’ afid jl6o mm. • 

For the estimation by'mcAns of bitryta water, a con- 
.j venient method is to employ a bottle of about 2 litres 

^ capacity, having a doubly bo»A(,! rubU'.'r cprk fitted with a 
[ I « small separating funnel of about 50 c.c, capacity, and a 

1 right-angled delivery tabc as shown in Eig. 163, The 

I » exact capacity of] the bottle is determined by weighing it 

i; ^ U empty and then filled with water, the delivery tube being 

Fio, 1C8. removed, and the stem of the funnel filled with water 11,0 
to the stopcock; the difference of weight in grams gives 
the volume in cubic centimetres. To fill the bottle with satura'tdd 
gas, one or two drops of water are added, the ap,oaratus inverted, 
and gas passed in through the separating funnel and out through 
the delivery tube' two to tfirce minutes’ passage of a moderate 
stream of gas suffices to drive out all aif. The delivery tube, is then 
remo'fed, replaced by a glass ,pjng, the .separating funnel stopcock- 
closed, and the gas shut off and disconneAdd. The stopcock is then 
again operu^ for a second to allow the gas in the bottle to attain 
atmospheric pressure, and thctheight of the barometer and the room 
temperature noted. ^ , < 

'•As soon as the, g^s in the funnel has been replaced by air, 50 c.c. 
of.baryta wate^ of known strength (20 g. bfrium hydroxide per litre) 
and a little phenolphthalcin are run into the funnel, and thence, by 
careful opening of the cock, into the bottle. Cooling under the 1 .ap, if 
necessary, to create a .^'fcdit vac^ium ; the funnel is then washfd opt 
with watrr into the bottle, care being taken tjiat the stem of the 
funnel is left full of water. The bottle is w,ell shaken, and allowed to 
stand for ten minutes, when absorption i^ oumplete. The stopcock is 
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then opened, the contents’of the bottle, including th^e precipitate, 
washed out,into a flask, and titrated at once with Njio oxalic acid, 
using phenolphthalein as indicator. , Fifty c.c. of the original baryta 
solution are titrated in the same manner; the difference* between the 
quantity of oxalic acid solutioji required for neutralisation represents 
the amount of alkali corresponding to the c,3rbon dioxide absorbed, 
expressed in decinormal solution ; each cubic centimetre of A^jio oxalic 
acid corresponds to o-oole g,, or to i-iiq c.c. of Mry CO.^ at o' and 
760 mm. To obtain the percentage of the gas, the volume of CO.2 
\lHdcr these conditions mtist be conv^erted in the usual manner into the 
’volume of moist gas mca.^ured at the^ame temperature and pre.ssure 
as observed with tjfc^ volume of gas taken. If n equals the number of 
cubic centimetres of Njia oxalic acid found, r;'the capacity of the bottle 
in*'ubic centimetres, t the temperature, r the vapour pressure of Miater 
at that temperature, and l> the ln«ight of* the barometer, th*-..percentage 
of CO2 is found b/thc equati’jn 


I’erccntagc ofilOj 


y X (273 + /) X 760 X 100 
2 73 X (A - s) X w 


Coiislaitls. 

•*' ^ 

l.T 19 X 760 X*IOO 

273 X » • 


Vnn'an/s. 
n X (273 + 1) 
■ b - r 


When V has been determined, a simple figure for the constants can be 
calculated once for all. 

. The determiflation of carbon dioxide can also be readily made and 
recorded by means of the katharumcler and other devices (.see p. 321 
ct seg.). 

Carbon Monoxide. 


The determination of small quantities of carbon‘Inonoxide is often 
of cxtrg?ne«i*mportance. ThC detection and approximate quantitative 
determination of smalT proportions,of .this gas can be effected cither 
by its reducing action on j^rfladious chloride, blood, or iodine pentoxide 
(p. 262). The flamc-ca[) test is also applicable. Thest ^methods are 
described in detail in the section on “ Air Analysis,” Vol. III. 


Hjrdrogen Sulphide. 

According to Haldane,' hydrogen* sulphide in ver>^ great dilution 
is readily recognised by its characteristic smell, 'fhis test is less 
distinctive when the proportion of hydrogen s^^ljshide present exceeds 
O'Oi per cent., but then irritation of the eyes is produced. , 

For the control of the purification process in gas wprks, the estima- 

^ The Invcsttgaiwn ii'^Fobtcr Haldane, 1905, p. 149. 




304 


I , 

TECHNICAL GAS ANALYSIS 

tion of sulphuretted hydrogen by volumetric absorption with a solution 
of cadmium sulphate or chloride gives results of sufficient accuracy. 
For more accurate determinations,especially when only small quantities 
are present, other methods must be employed. The gas tested must 
be freed from tar-fog and ammonia, if present; the former is removed 
by a small cotton-wool,filter, and the latter by washing with dilute 
sulphuric acid. i, 

(i.) GravimetriclEstin'ation. For this .purpose, Fresenius^ employs 
as absorbent, pumice stone which, has been treated with saturated 
copper sulphate solution, dried, 4 nd heated* for four huurs at 250*^" 
According to L. T. Wright,' (jppper phosphate is a more suitable' 
absorbent. To prepare it a solution of 100 g. of crystallised sodium 
hydrogen phosphate in ^00 c.c. of water is added, with constant stir¬ 
ring, to a solution of 135 g. of crystallised copper sulphate in 750/i.c. 
of water, >feej^ccipitated phosphate filing filtered off and dried at 100°. 
Either absorbent L placed in a U'Wbe so.as to occupy about five-sixths 
of its length, the remaining one-sixth'bcilig filled with calcium chloride. 
The gas is dried by calcium chloride, an'J passed through the weighed 
U'tube containing the copper sulphate or phosphate, and thence through 
a meter or into a graduated aspirator. A^ithe cnc], of the test, dry air is 
drawn through the which is then weighed, the increase of 

weight giving the weight of iu the volume of gas' passed. One 
gram of H.^S equals 6 gi -6 c.c, or 0-02464 cb. ft. of moist gas at 15° and 
760 mm. 

(ii.) Volumetric Estimation. The most suitable reagent is a 
standard solution of iodine in potassium iodide, which reacts with 
sulphuretted hydrogen yielding sulphur and hydriodic acid, according 
to the equation :— 

H,S-t_I., - 2111 - 1 -,S. 

• ' ' I. ' 

This reaction may be carried out in a Btinte burette,'^ usilig a’solution 
of ioidine in potassium iodide C9nt:j.ining i-052(j g. of iodine per litre, 

I c.c. of which = o-1 c.c. of H„S measured moi^t at 15° and 760 mm. The 
gas to be tpstad, after being freed from tar-fog and ammonia, i.s passed 
into the completely dry burette (if necessary with the assistance of an 
aspirator), and a portion of tlic gas then sucked out to make room for 
the reagents. The iodine solution is then sucked in from a small dish 
s(i, as to fill the capillary and bore of the'stopcock, .and then starch 
solution to the lowest division mark. By gradually adding fresh quan¬ 
tities of iodine, and repeated shaking, the end-poinf of th^ reaction 
is recognised by the j^ual for,mation of a permanent blue, ^coloyr. 

• ^ 

^ Quantitative Analysis, 7th ed., vol. i., p. 383. ’ 

J. Soc. Chet)}, 1885, 4, *565. < 

^ Cf. Bunte,/. Gasheleucht,, 1888, 899 ; ,Kast a^d Kehrend, tbid., 1889, 32, 159. 
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The amount of iodine used is read off directly on the bufette, the 
amount remaining in the capillary being balanced by that* added before 
the starch, wirich is not measured.* The volume of gas used is the« 
determined in the usual manner. ' , 

An alternative method consists in employing a dry bottle of known 
capacity (about 500 c.c.) closed Vith a hollrAv stopper capable of holding 
25 cc. (A glass tube of this^ capacity, clo.secl at one end and fitted 
into a rubber cork the botitom of which is coatjed wiih a film of paraffin 
wa.x, may be substituted for a ground-in stopper.) The gas, purified 
•.‘',';^m tar-fog and ammonia, is blovvn*^hrough the inverted 'bottle till all 
lair is driven out; the tub(j or stopper, to which 25 .c.c. of JV/io iodine 
solution has been added, inserted whilsf the bottle is still inverted, and 
tlie solution shakert with the gas ; thi? contents of the bottle and stopper 
are then washed out, and the excess of iodine determined by titration 
wiUi sodium thiosulphate and sttlrth. E^ach cubic centimetre of ioJine 
used equals 1-122 c;c. of dry H^S^at 0" and 7C0 mm.; •'he percentage of 
the gas is calculated in exactly .the same manne'r as that of carbon 
dioxide given on p^ 303, with )tl;e substitution of the figure mo8 for 
that of M19 in the equation. 

The iodine method is lij^ely to give high results, since the un¬ 
saturated compoflnds'and a"lso hydrocyanic acid, when present in the 
gas, tend to combine with iodine. Wkh coal gas the error thus caused 
is usually small, but it is very considerable in the case of oil gas and 
of carburetted water gas, owing to the presence of cyclopcntadiene, 

• C. W. Somerville- has described a modified iodometric method 
in. ^vhich the gas is drawn by means of an a.spirator through a 
waslvbottle of too c.c. capacity containing 10 c.c. of N/iooo iodine 
solution and lO t.c. of specially prepared starch solution diluted to 
too c.c. The passage of the gas is continued until t]ic blue coloration 
just disaf)pcafs,^he volume ot gas used being found from the volume 
of wat^r run off from the aspirator. To obviate the error due te the 
above-mentioned impuriti^j, a secbrixi* test is made with the same 
gas, which is first passefl through a small tower containing lead 
carbonate to remove sulphuretted hydrogen; by deducting' the second 
result from the first the true amount (»f sulphuretted hydrogen is 
found. ■ • , , 

o (iii.) Colorimetric Estiingtion. The colnrimetric mSthod devised 
Vernon Harcourt (see p. 308) is very convenient for the* estimation of 
sulphuretted hyjjrogen, csoecially where this impurity*is present only 
in small qtiantity. In thijprocess the gas is bubbled in a fine stream 
thfougi/a standard sized tube contairllng a solltfion of lead acetate in 
• • 

^ Cy. also, Ross and Race,/. Chem. Ind.^ 1910, 29, 694. 

Gas Lighftnf;, II 2 , 29. * 
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excess oi sodium hydroxide, to which sugar is added, the passage of the 
gas being continued until the solution attains the same brown colour as 
the similar sized standard tube (s^ee Fig. 164, p. 307), which is artificially 
made to cornespond with the colour given to the standard lead solution 
by 0’(X)25 grains (0-000162 g.) of sulphur, by mixing solutions of copper, 
cobalt, and ferric sulphates.' The gas is drawn through the solution by 
an aspirator, which is completely filled ryith water at the commencement, 
the water run out being'collected in a rrieasfiring cylinder, thus giving 
a direct reading of the volume of gas passed. This volume of gas 
therefore "contains the above q'lantity ofr sulphur as sulphurct'-d 
hydrogen, and from this figure ^ither the pc,<;centagc, or amount in any 
given volume, is readily' calculated. 

The brown solution becomes colourless on exposure to light, and 
provided that carbon dioxide i.s excluded the revivified solution may 
be used ag^iin for a considerable number of estimatioms. 

Wcll-prcparc 4 v.“lead-paper” is an exceedingly’! delicate agent for 
the detection of minute traces of hy«dragcn sulphide. The mo,‘it satis¬ 
factory papers are prepared by moistcniitg shect.si of filter paper with 
a solution of i part of sugar of lead in 8 or 9 parts of water, and 
holding each sheet while still damp ffi'cr the surface of a strong 
solution of ammonia for a feW minutes. The ammonia escapes as the 
paper dries. When such papers r^rc immersed for, say,'half an hour 
in a large volume of gas, very minute traces of sulphuretted hydrogen 
will give a brown stain. Light should be excluded from the vessel 
during the test. It is often convenient for the gasv to issue from a 
small orifice and impinge directly upon the test paper. The dclicaey 
of the test is increased by using a moist test paper. Attempts have 
been made to determine a scale enabling the percentage of hydrogen 
sulphide present to be ascertained from the colour imparted to the 
test paper after passage of a definite volume of gas. When r. paper 
is exposed to a slow stream of gas after the manner pr,escribed by 
the Gas Referees, i part of hydrogen sulphide per million is readily 
detected in three minutes. Lehmann statos^that after passage of 8 litres 
of air at^thg, rate of 12 litres per hour through a tube 12 mm. in 
diameter, the paper being h(;jd at the outlet of the tube, a pale brown 
colour is formed when hydrogen sulphide is present to the extent of 
OiOooi per cent. to«o-ooo2 per cent. A strong yellowish brown colour 
i^ obtained when the percentage present is 0-0003^ per cent., while 
0-0005 per cent, gives a dark brown colour, and 0-0008 per cent, a 
brownish black colour. According to Bu^jterfield,^ ^he two rides of 
a piece of lead acetate paper sq. in. in area, become something 
approacjiing light oak colour when brought in contact with d-007 c.c. 
of hydrogen sulphide. ’ 

' Chemtshy in Gas Worh^ I^r3, p, 56. 
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Sulphur Compounds other than Hydrogen Sulphide in Coal 

Gas; •Carbon Bisulphide; Total Sulphur Compounds. , 

• 

Coal gas purified by means of oxide of iron, always contains small 
quantitie.s of volatile sulphur, compounds other than sulphuretted 
hydrogen. The vapour present in largest qivintity is tfftrt of carbon 
bisulphide, the amount of which varies from lo to So grains per too 
cb. ft., according to the variaty of coal carbonised*and the conditions 
of distillation. From 5 to 10 graiijs of .sulphur is also p^rcsent in the 
fdtm of other compound#, among wfiich thiophene, carbonyl sulphide, 
and alkyl mcrcaptans and sulphides haac been detected. 



Via. 164 . 


For the,estimation of cai<i’0H bisulphide, a measured volume of the 
gas freed from sulphufetted h)’drogen, if necessary, by iron oxide, is 
dried by calcitim chloride aivl passed through two wash-bottles contain¬ 
ing a solution of potassium or sodium hydroifide in at^solute alcohol, 
which converts the bisulpTiide into ])o,^assium or sodium xanthate 
ajeording to the equation :— * 

/SK . 

CS, + K01I4,C.,II.0H - CS/ -tIT„0. 


- • 

Fofli gas afftl reagenlTmust be kept as dry as possible, as water 
dqpreasss the absorbing power of the pagent fpr the bisulphide. The 
^yuantity of xanthate ^r of sulphur in the solution obtained i»ay then 
be ascertained by the methods used for the estimation of carbon 
bisulphide in commercial benzene (see und^r "Coal Tar,” Vol. IV.). 
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The barbon bisulphide may also be estimated by Harcourt’s 
colorimetric method. When coal gas containing carbon bisulphide 
fs passed over platinised pumip, the bisulphide is converted into 
sulphuretted^ hydrogen, which is then estimated colorimctrically in 
the manner described under sulphuretted hydrogen (p. 305 et scq.). To 
carry out the test, a small friictionating flask of about 30 c.c. capacity 
filled with platinised pumice is placed>in a special stand surroilnded 
by a glass chimnc)^(Fig‘164), so that thi? boi'tom of the flask is about 
I in. above the small ring burner ^fi.xcd at the bottom of the chimney. 
The burn* I’s lighted, turned do\\>,i until the flame jest shows a slight 
luminosity, thus lK;ating the ^platinised pumice to 30o'’-35o". Thd 
gas is then allowed to pass through at the rate of about 0-5 cb. ft. 
per hour. ' 

^fter about ten minutes, the delivery tube is connected to the tube 
containing,, lead acetate .syrin), anr'f . the latter to an aspirator, and 
the gas drawn inv;jhin stream through the tube u.ilil the same depth 
of colour is obtained as in the standard cylinder, corresponding to.O’Ooe; 
grain or 0’000i62 g. of sulphur. Tho'volume of'gas containing this 
quantity of sulphur as carbon bisulphide is that of the water run from 
the aspirator and collected in the mcasiir/pg cylinder. 

'1 his method, though very rapid and convenient, only gives results 
of fair accuracy if the gas tested i,s free or almost free from oxygen. 
Mostly, however, purified coal gas contains appreciable quantities 
of oxygen, which in prc.scnce of the hot platinised pumice converts 
the sulphuretted hydrogen into sulphur and water ;• the results then 
obtained are much below the true figiiie. 

The separate determination of carbon bisulj)hide is seldom cai'ried 
out, as all the information usually required is obtainetl by the estima¬ 
tion of the total sulphur present, by burning a known volume of gas 
and estimating tba sulphur in ihe products of combustjon. 

In this country the method almcftt always cmphJye^^ is that 
specified by the Gas Referees^; it is generally known as the 
“Referees” method. The gas is burnt iii'sesmall ISunseh burner with 
a steatite top (hig. 165), which is mounted on a short cylindrical 
stand, perforated with holes for the admission of air, and having on 
its upper surface, which i.s also perforated, a deep circular channel 
to receive the wick; end of the glass trumpet lube. There are, 
t>dth on the side and on the top of the s'tand, fourteen holes 5 mm.' 
in diameter, or an equivalent air-Vay. On the top of the stand, between 
the narrow stem of the burner and the '“.'•urrounding glass tt-umpet 
tube, are placed piece’s of commercial scsquicarbonate of ammonia 
weighing in all about 2 oz. T^ic products of combustion and^'of the 
gradual volatilisation of the scsquicarbonate pass upwards through 
the trumpet tube into a vertical glass ^jinder with a tubulure near 
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the bottom,, and drawn in «t a point above this to abou/ half its 
diameter. The cylinder is packed, from the contraction to the top, 
with balls of glass about 15 mm, in,diametcr, to break up the currerft 
and promote condensation. From the top of this cor*:lonser there 
proceeds a long glass pipe or chimney tube slightly bent over at the 
upper end, serving to effect some furthei* condensation as well as to 
regulate the draught and affc^d an exit for the uncondensed ga.ses. 
The chimney tube is su.s'pcnjled by a tape, tied ir)und the middle of 


it, and attached above to a 
bsacket projecting from 4110 
‘wall. At the bottom of the 
condenser is fi.xed.a small 
fflass tube drawn out to a 
jeli through which the lirjuid 
formed during the test drops 
into a flask beneath. 

After each test, the flask* 
or beaker which h;i* received * • 
the liquid products of the • 
combustion of 6 cb. ff. of ga*% 
is emptied into a measuring 
cylinder aiul 'then replaced 
to receive the washings of 
the condenser. The trumpet 
tube is then removed and 
well washed out with distilled 
water into the measuring 
cylinder. The epndenser is 
flushed two or three times 
by pCuriiig qu^kly into the 
moullt,of At’ 40 or 50 c.c. of* 
distilled water. These wa.sh- 
ings are brought into jthc 




measuring cylinder, the whole contents being then well mixed. 

An aliquot part of the firjuid is ()lac«l in a flask or beaker, covered 
with a large watch-glass, and acidified with hydrochloric acid. The 
sulphur present is then precipitated by hot batium chloride in the 
usual way. . * * 

The correction of the gas volume* to 60° F. and in. pressure is 
found liy^the tAle on pp.^3S, 239. 

, Thq method tends to'give slightli^ low res^Vts owing to incomplete 
,,oxidation of the sulphites to sulphates. To avoid this pessibility, 
some analysts prefer to oxidise the solution with bronjine water before 
precipitation, whilst others'oxidise jvilh ny:ric acid, and precipitate with 
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barium nitrate instead of chloride. T. Fairley' dispenses with the use 
of ammonium carbonate, and allows a solution of hydrogen peroxide 
fo drip down the condensing cylinder of the Referees’ apparatus, the 
sulphur being then obtained in the condensate as free sulphuric acid. 
The amount of sulphuric acid may thyn be determined by titration 
with normal alkali, provided ihat the hydrogen peroxide solution used is 
neutral. Or, by using a known volume, of hydrogen peroxide solution 
of deteunined acidity, the sulphuric acid fdrmed may be found by 
deducting the amount of the latter from the total quantity of acid found. 

H. Blairhas proposed the fallowing volumetric method for tlie 
estimation of the • sulphuric acid in the wlution obtained by the 
Referees’ proces.s. An aliquot portion of the solution is boiled to 
volatilise the ammoniuili carbonate, thus leaving neutral ammonium 
suLphate; an excess of neutral formaldehyde solution (about 30 .per 
cent.) is then added to the hot solution. It reacts with the ammonia, 
formi.ng hcxamcthvlenc-tctramine, and liberates Isulphuric acid, in 
accordance with the equation :— 

4(NIIJ,S04 + 6Clip - + 2l-LSC)/+ 6ILO. 

The liberated sulphuric acid is then ^itlftermincd by titration with 
Njio alkali, using phenolphthalcin as indicator; i c.c. Njio alkali = 
0.0247 grain S. 

In the method due to Drehschmidt,^ the estimation is carried 
out by means of the apparatus shown in Fig. 166. The gas burner 
is encased in the manner shown in the figure, separ.ate pipes, a and 
1), projecting from the casing for the supply of gas and air respectively 
to the burner. The air supply is purified from any sulphur dioxide 
present by passing up the tower B, containing pumice moistened with 
aqueous potassium hydroxide. The glass cylinder C is placed over 
the burner and T'ts a circular channel in the buipier case, filled 
with mercury, thus preventing the adrf;i.ssion of air aa .dhl.s point. 
The glass tube fused on to the cylinder C conveys the products of 
combustion to the train of wash-bottles Dj each containing 20 c.c. of 
aqueous potaiyiium hycfroxitle (5 per cent.), a little bromine being 
added in the first two bottl(,'s to ensure 'die complete o.xidation of 
the sulphur dioxide. 

.In making a tesf, the burner is lighted and regulated to a con- 
sjjlnption of j to i cb. ft. per hour; the ou'det of thalast wash-bottle 
is connected t6 a powerful wateV-pump so that a rapid current of air 
is drawn throug'n the apparatu.s. The cylinpler C is placed over the 
burner as the hand of the meter passes a suitable point, when the flame 
continue^ to burn quietly if the current of air is sufficiently rapid. At 

' J. Soc. Ciem. hid., 1^87, 5, 283. , = Ikd., 1911, 30, 397. 

^ Post’s Chemisch-Technische Analyse^ 1888. 
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the conclusion of the test the contents of the bottles D are wished out 
and the sulphur estimated as barium sulphate in the usLufl manner. 

In place *of the sodium hypobromite solution, hydrogen peroxide 
may be used in the wash-bottles, and the amount of siilphuric acid 
produced determined by titration with alkali, as described on 
p. 310. Pfeiffer employs a modified method in which the products 



of combustion are drawn* tlirough a Jrnown volume of decinormal 
Stidiuin hydroxide .solution to which •neutral hydrogen peroxide 
solution (Merck’s perhydrol) is addc'l. "fhe amount of alkali remaim 
ing at the end the test i« determined b^ titration with Njio sulphur]c_ 
acid, using dimethylaminoazobenzene'as indicator. Each c.c. of Njlo 
alkali •ncutrali<^cd is cq’^ifvalcnt to 0001603 g. or ?)-02478 grain of 
sulphur, and the number'of grains ofplphur jJpr 100 cb. ft. is obtained 
the equation :— • 

’ * Number of c.c. iV/io NaOH X 0.02478 x^oo 

grs. per loo cb. ft. - _ consumed corrected to N.T. P. 


4 
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A quLk method for the estimation of .total sulphur, especially suit¬ 
able for work's, has been published by C. W. Somervilleit depends 
on the estimation of the sulphur dioxide in the products of combustion 
of the gas bji means of iodine and starch. The apparatus^ in general 
construction resembles that of Drchschmidt (Fig. i66, p. 311), the gas 
being burned at the rate of about 0-5 cb. ft. per hour from a small 
burner, and the products* of combustion aspirated by means of a water- 
pump through a wash-Sottlc of about,joct c.c. capacity containing 
too c.c. of A^/iooo iodine solution diluted to 450 c.c., and a few cubic 
centimetres flf starch solution. T.!ie wash-b.ottle is connected to the 
cylinder covering the flame as,the meter hand passes a noted point, 
and the combustion products are allowed to pass fhrough the solution 
until it is just decolori.sed, when the gas meter is at once bypassed. 
One hundred c.c. of Ayiooo iodine contain 0-1269 g- of iodine, 
equivalent to o-ooi6 g. or 0-024688 grain of sulphur, which is, therefore, 
the amount present in the volume of gas burned; fro.n this the quantity 
of sulphur in too cb.'Tt. is readily calculated. 

Ammonia. 

.. 

Of the total nitrogen present in coal, only some 10 to 14 per cent, 
is obtained in the crude coal ga-s in the form of ammonia; the bulk of 
the remainder remain.s in the coke, and smaller quantities are obtained 
as gaseous hydrocyanic acid, free nitrogen, and as compounds of 
nitrogen with carbon and hydrogen, such as pyridine and quinoline, 
which are found in the tar. 

The removal of the ammonia from the crude gas commences as 
soon as the temperature has been sufficiently lowered to permit of the 
condensation of steam to water, and about one-half of the ammonia 
present is usually,/emoved in the hydraulic main and^condensers, the 
remainder being recovered by wa.shing with weak liquor o-r /rc.sh water 
in the washers or scrubbers. Where the latter part of the process is 
efficiently worked, the ammonia “^is redu'-cd at the Outlet of the 
apparatus to from 0-5 to 2-0 grains per too cb. ft. 

■ The amrnonia present is readily dctermhied by passing a measured 
volume of gas through two absorption bottles in scries, each containing 
a measured volume, of normal or dccinormal sulphuric acid, and 
determining the excess acid at the end of-the test by titration with * 
standard alkali, using methyl or..nge as indicator. A tube filled with 
broken glass, and moistened with a known ^volume oLstandard acid, 
may be used in place of the absorption bottles-; but care must‘be taken, 
by making a blank test', that tht glass has not an alkaline reaVtioiy; 

^ J. Gas lijigklingf 2g. 

^ Supplied by Messrs Towpsoii & Mercer, Carpomile St., London, E.C. 



AMMONIA 


313 


the glass Ijeads supplied with such apparatus are often^ strongly 
alkaline, thus rendering the results obtained much too hi^h. 

With purified gas containing only^ a few grains of ammonia per loD 
cb. ft, decinormal acid is used, and very accurate restilts«are obtained, 
if the tubes leading to the absorption bottles are of glass, with only a 
minimum of rubber connecting tubing. * > 

For crude unscrubbed gas,<normal acid must be employed, and the 
above-named precaution^ arij especially nccc'Ssary* the gas should be 
sampled by means of a tube projecting into the main, as described on 
p. 297. Exact results are somewilat difficult to obtaifi on account 
of the tar-fog present in tte gas, which piakes the end-point of the titra¬ 
tion difficult to otj^erve, and the ammoniacal liquor particles carried 
mechanically with the fog also neutralise somc^of the acid, thus making 
tlw results too high. If, on the other hand, an attempt be made to 
remove the tar-fog by a cotton-wool filter, the results are too low, as 
the filter also efferts the removal of some of the ammonia from the gas 
streana. On the whole, it is best* not to attempt fo remove the tar-fog, 
but to allow for the fact thjft ihc tendency is then for the results to be 
rather too high, • 

When tar is jDresejit, it i^it)mctimes found that the use of fluorescein 
as indicator, in place of methyl orange, is advantageous; the point 
of neutralisation is recognised b}t tflfi disappearance of fluore.sccnce, 
which is most readily observed if the glass vessel containing the liquid 
be placed on a sheet of glazed black paper. 

With crude "gas containing large quantities of ammonia, the small 
quantity of gas required for a test is often conveniently measured by a 
gr.tduatcd aspirator instead of by a meter; v.here the gas to be tested 
is untler a prcssi^rc less than that of the atmosphere, the suction of the 
aspirator is utilised to draw the gas from the main through the absorp¬ 
tion bottles, \yhcre a meter is used, aiid the gas civitains sulphuretted 
hydro^mn,<u ?mall o.xide purifler should be placed between the absorption 
bottles and the meter, to prevent cjrro^sion of the metal work. • 

Traces of ammonia jie readily determined by the use of either 
turmeric or h.ematoxylin paper, or paper s'aturatcd .with Nessler’s 
solution. Turmeric paper*is prepared t^y im|)regnating bibulous paper 
with an alcoholic solution of turmeidc. ^I'hc paper is turned reddish 
brown by ammonia, but is bleached by hydrog<;n sulphide. Ha;ma- 
* toxylin paper, when dry,"is slightly yelfow or pink. It becomes blue 
in the presence of alkalis, and is extrdmely sensitive to ammonia. 

Nessler’s solution m*‘^ be employed for the exact determination 
of a injnute trace of amfnonia in ait; or othe^gas. A definite volume 
tlfe gas is passed into water sli;fhtly acidified with sulpljuric acid, 
^the absorbed ammonia being subsequently determinepl colorimetrically 
in the usual way (see Vol.-JII. under “ Water’ Analysis"). 
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Hydrocyanic Acid. 


' For the determination of hydrocyanic acid in coal gas, two methods 
arc employed-:— 

(i.) The gas is passed through a scries of two or more absorption 
bottles, charged with a mixmre of ferrous hydroxide and potassium 
hydroxide, prepared by mixing cquaUvolumes of ferrous sulphate 
solution (i : lo) and -potassium hydroxide,solution (i : 3), the gas being 
passed at a rate of about i cb. ft. per hour, and measured in a meter 
in the usual manner. The content.ssof the absorption bottles arc washed 
out at the end of the test, made-up to a kno'vn volume, and an aliquot 
portion of the shaken mixture filtered from the inscduble black residue, 
which is washed free from ferroc)-anide. The filtrate is treated witli 
lead carbonate to remove sulphides, and the filtered solution heated 
to 60°, and precipitated with hydrochloric acid and excess of ferric 
chloride; the precipitated Prussian blue is then filtered off, decom¬ 
posed, and analysed as described' in the section on “Cyanogen 
Compounds,” p. 630 et scq. 

(ii.) In the second method, the h3’drocyanic acid is ab.sorbed by 
passing the gas through a series of thret absorption bottles charged 
with a solution of ammonium sulphide and free sulphur; the am¬ 
monium polysulphide formed combines with the hydrocyanic acid, with 
the formation of ammonium thiocyanate. The gas is passed at the 
rate of about i cb. ft. per hour, and is measured as usual. At the end 
of the test the contents of the bottles are washed out, made up to 
a known volume, an aliquot portion of the solution treated with lead 
carbonate to remove sulphides, and, after filtering, a few crystals «t 
sodium sulphite added, and the w'hole heated to 8o‘’; the liquid is then 
made faintly acid with sulphuric acid, and precijjitated with an excess 
of copper sulphatr- solution, which throws down cuprous thiocyanate 
as a white precipitate, accompanied, however, by sulphidcs,Df'copper, 
formed by the decomposition of the thiosulphate also present. The 
precipitate is filtered immediately, washed -oynce or tw'ice with water, 
and decomposed by the addition of 10 c.c. of a 10 per cent, solution of 
sodium hydroxide, free from chlorides. The Sodium thiocyanate solution 
produced is filtered from the cuprous hydroxide and sulphide, the lattej 
washed, the cold filtrate acidified with dilute nitric acid, and titrated 
wiih N\\o silver nitrate solution using ferric dlum solution as indicator, 


the complete precipitation of the thiocyanate being shown by the dis¬ 
appearance of the red colour of the ferric ^It. Each c.c. of* Nj 10 
AgN03 = o.oo76i2 g. of NH^CNS. or 0-002703 g. of HCN. 

The precipitation of the cuprous thiocyanate is necessary to removrs 
the thiosulphates always present in the solution, and which if not^ 
eliminated, would also be precipitated by the silver nitrate. For most 
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purposes thi^ may be done more quickly and with sufficient Accuracy, 
by the method proposed by Linderd In this procedurfe the solution, 
after removal of sulphides by lead carbonate, is slightly acidified with 
sulphuric acid, heated to boiling, and lO c.c. of a saturated solution of 
ferric alum added ; after standing for five minutes, the liquid is cooled, 
acidified with nitric acid, and titrated wkh dccinormal silver nitrate. 
The'ferric alum converts fhe tl)iosulphate into tetrathionate, which does 
not affect the silver nitrate if JLhe titration is ctirrieiiout quickly. 

The ferrocyanidc method tends to give results which are slightly 
low, a.s small quantities flf the hyJ/ocyanic acid arc always converted 
‘into thiocyanate instead of into fcrrocyjinide, the amount of thiocyanate 
formed being grcaticr when ammonia is present in the gas. On the 
other hand, the thiocyanate method 'tends to jjive results rather above 
tl* truth, as the carbon bisulphide also present in the gas, is partially 
absorbed by the ammonium polysulphide with formation of ammonium 
thiocarbonates, wh/ich under certain conditions undergo decomposition 
into ammonium thiocyanate.• 

• ' < » 

Naf)hthalene. 

>rjiphtlialene occurs in large (juantHy in the volatile products given 
off from coal •during distillation, ^birt* is almost completely removed 
during condensation and passes away with the tar. As, however, 
naphthalene has an appreciable vapour pressure at the ordinary 
temperature, tlv purified gas frequently contains small quantitie.s, 
^ilthough the amount rarely exceeds from IJ grs. to 20 grs. per lOO 
ck"ft. Even this small quantity is frequently sufficient to cause 
seriSus trouble by its subsequent deposition in the solid state in the 
mains and services, both on the works and in the district of supply, and 
its e.stimation is therefore often a mattci of importance. 

No 5ati,sf«.ctory simple msthod of e.stimating the amount present in 
the hot gas has been* devised, owing to the difficulty of separatiag the 
tar-fog withbut simultani(^)usly elTctthig a partial removal of the 
naphthalene still present' as vapour in the gaS, but for^the cooled gas 
free from tar-fog, several ntethods are used, all of which depend on the 
fact that naphthalene combines with picric acid to form the crystalline 
picrate, Cmlls-C^jHjN.jO;, which is pVactfcally iii,soluble in saturated 
• picric acid solution, although It is partly cKssociated irtto its constituents 
by water. 4 " 

CoJinan and Smith-^K^ivc introduced a slight mofiification of their 
original 'method ■' for tire determination of ijaphthalene in coal gas, 
which the gas is passed through ^ series of four wash-bgttles, the 

^ Annual/^e/>ori on A/^a/j, eIc.,^Woth, l^o 6 f « 

/. Gas Itghlingy 1918, I44, 2j^-232. ^ ^ J. %c. Chem. Ind., 1900, 19, 128. 
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first—of ^lass throughout—containing a lo per cent, solution of citric 
acid to retain any ammonia. The second contains lOO c.c. of A720 
picric acid and the third 50 c.c. of the same solution ; the last is left 
empty to retain spray. It is important that the gas should not have 
access to india-rubber, prior to and during its passage through the 
train of wash-bottles, for a< length of about 18 in. of india-rubber 
absorbs the whole of the naphthalene In gas containing 6 to lo'grs. 
per icx) cb. ft., vvlren the latter passes ,at the rate of from 0-5 to i 
cb. ft. per hour.' The picric acid solution is standardised with NjlO 
sodium hyJro.xidc solution, laemoVd or phcnelphthalein being used as 
indicator. The gas (about to cb. ft.) is pas.sed through the apparatus 
at a rate not c.xcecding I cb. ft. per hour, the volume being corrected 
to N.T.P. (generally 60’i'. and 30 in. pressure). After pa.ssagc of the 
gas, the contents of the third and fourth bottles of the train are washed 
into the second bottle, which ia then 'closed with a tight-fitting rubber 
stoppitr fitted with glass stopcock or similar device. Ily means of a 
pump, the wash-bottle is evacuated until the precipitate rises .to the 
surface. The stopcock is then closed and the contents heated to 
boiling by immersion in a bath with occasional shaking and then 
allowed to cool, the shaking being contkmed to^ prevent sublimation 
of the naphthalene into the upper part of the bottle. The whole of 
the naphthalene is thus converted into naphthalene' pfcratc. The 
volume of the cold mixture is measured, the precipitate is filtered off 
through a dry filter paper, the first few cubic centimetres of filtrate 
being rejected, and 100 c.c. of the filtrate titrated with A710 NaOH 
solution. If i' c c. is the difference between the volume of N/io NaOM 
required to neutralise the total volume of rV/ao picric acid originally 
taken and that required for the neutralisation of the total volurrie of 
picric acid solution after heating and filtering, then— 

grains of n.'ipluhaleno per 100 cl), ft. v 'y-y?' 

volume ol gas [)asSt‘(l . 


A modified method, which is sometime} ^convenient, fnough rather 
less accurate, ks to filter off at the pump the naphthalene picratc which 
separates after the heating process, wash dnee with a small quantity 
of water, then wash the pre'eipitate from the filter paper into a fla.s|<, 
heft till all is dissolved and titrate the hot solution with Ayio alkali. 
The volume of alkali used ' should be identical witji v above, and ‘ 
‘ tTie quantity bf naphthalene ia calculated by the same equation. 
Slightly lower rfcsults are usually obtained ip this manner. 

Knublauch- has criticised the Colman-Smiih method of naphthalene 
determination and states that allkhe naphthalene is not precipitated 


^ J, Gas 19,00, 76, 414. 

J. Gasbeleucht.^ 191C, 49^ 52 5>540 ; Gas Jourtful^ I 9 I 7 j I 37 » ^ 4 * 
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combined form, and that the use of a separate vessel forltmmonia 
absorption renders the method unsuitable for use with warm gases. 
After very detailed investigations of the factor,s involved, he has dcviseid 
two methods of determination, termed respectively the diffeyence and 
the direct titration method. The difference methorl follows the lines 
of the Colman-Smith method already described, two vessels containing 
a I "per cent, solution o’f pir/ic acid being employed. The “direct 
titration method” is simple, and applicable Ho warm ga.scs, while no 
separate vessel is necessary for prior absorption of ammonia, cyanogen, 
phenols, etc. The first oC two cylinc.’rical wash-bottles contains no c.c. 
•of a mixture of 40 c.c. of i per cent, picric acid, solution, 40 c.c. of 
N sulphuric acid, aivd 30 c.c. of water. The second wash-bottle contains 
35 c.c. of a I per cent, picric acid solution. In’thc absence of ammonia, 

I «per cent, picric acid solution is used in both bottles and from 50 
to 55 litres of coal gas are pa.s’sbd thr^iugh the wash-bottles. When 
sulphuric acid is vised in addition to picric acid, from 80 to 85, litres 
of g4,s are passed. Towa'fds 'the end of the" absorption, a little 
picratc is formed in the second vessel. The whole of the precipitate 
is transferred to a filter and washed with a 0-2 per cent, picric acid 
solution until free from ^'^phuric acid. The precijiitatc and filter 
paper are then transferred into the se'eond cylinder and titrated with 
A710 alkali; ifting phenolphthaleii; a's" indicator, o-l c.c. A'/io NaOH 
being allowed for the picric acid used in washing, and the naphthalene 
content is calculated from the titration result as described above. 

jorissen and Rutten ‘ emphasise the fact that low results arc 
“obtained by the picratc method if the naphthalene picratc is washed 
wdrh much water. They find further that when a saturated solution of 
picric acid containing also solid picric acid is employed, the naphthalene 
picratc is directly precipitated from the gas as undissociated picrate. 
They thereforc^recommend the following procedure »— 

Twt) liuftdrcd and fifty "c.c. of a saturated solution of picric acid 
is evaporated to abdut 150 c.c. and transferred, while hot, ts two 
absorption Ivottlcs. The*gas, prcvioii.’ly freed from tar-fog, cyanogen, 
sulphuretted hydrogen, and ammonia, is passed througl^ the bottles at 
the rate of about 1-5 cb. ft. per hour,^mtil a fair quantity of picratc 
^as been formed in the first bottle. Thd solution and precipitate are 
then washed into a flask, made up to 250 c.c., tha; closed flask her^ted 
to 40'’ for about, half an h«ur, and shakeif from time fo time till all the 
picratc has dissolved. After cooling^thc solution is fiftcred from th^ 
separated naphthalene f/icrate, and an aliquot porttbn of the filtrate 
titrated “with N\\o alkafi, the same, volume'pf the original solution 
b»inf also titrated. From the difference betwee'n the two titr|itions the 
amount of naplithaleilc is readily calculated, as on p. 316. 

Sof. Chem. [itd., 1909,^28, *179. 

< 
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For gineral works’ practice, it is satisfactory to absorb naphthalene 
in a solution cf picric acid made by adding one volume of alcohol to 
feur volumes of a saturated aqueous solution of picric acidd No 
dissociation of naphthalene picrat’c then occurs, and heating in vacuo 
may be omitted. 

Gair^ use? acetic acid (s]. gr. i'044) as an absorbent; this appears 
to be advantageous when testing hot ga.'p Naphthalene is precipitated 
from solution by additio.i of picric acid, soKition and is determined 
either volumctrically or gravimetrically. 

Tar-fog. 

The determination of tar-fog present at various points in the pipe¬ 
line .system employed in coal-gas manufacture and storage is frequently 
of importance, and is conveniently ihade by the method proposed by 
Clayton and Skirrow.^ 

A long glass tube } in, in externa^ diameter is taken, a small hole 
i in. in diameter blown near one end," and at.mt 12 in. of the 
tube above this hole filled with loosely packed cotton wool, previously 
extracted with carbon bisulphide to reu:,Dve fatty matter. The end 
of the tube near the small side hole is closed by a cork, and the tube 
inserted through a cork placed iu'a it in. cock on the main conveying 
the gas, and so fixed that the small side hole faces the gas stream as 
nearly as possible two-thirds across the main, or one-third of the 
diameter from the side opposite to the cock through which it is inserted, 
this being the point of mean velocity of gas in the main. The whole 
of the filtering material should be within the main, so that it is kbpt 
at the same temperature as the gas to avoid condensation, and the gas 
is allowed to pass through the filter at such a rate that the gas velocity 
through the I in. hole is greater than that of the gas iij the main. It 
is only by observing these precautions that it is possible- to obtain 
uniform results. ^ 

The gas, after passing through" the filter, is purified by oxide of iron 
and measured,in a meter, from 20 to 30 cb. ft. being passed. The tube 
is then removed from the maii\, the external’ surface wiped clean from 
tar, and the cotton wool containing the tar placed in a Soxhlet tube, 
and extracted with carbon bisulphide in a tared flask. Ihe carbon 
bisulphide extract is evaporated off on the \vater-bath, dry air finally 
drawn through the flask for half; minute, and the flask again weighed. 
From the weight of oil and the volume of ^as passed, the amount of 
tar-fog per 100 cb. ft. is,icadily calculated. 

The free carbon in fhc tar rimains in the cotton wool ancf Some 

^ C/, Somerville,/. Soc, Chem. Iiu/., 1907, 26, 1263. . 

’ Ibid,, 1905, 24, H 79 ; 1907, 26, 1263. ,• ■' J. Gas hahtm^, 1907, 98, 660. 
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of the low-boiling constitupnts of the tar arc evaporated! with the 
carbon bisufphide, so that the results arc low, but the figures obtained 
are fairly coAiparativc and sufficienlly exact for most practical purposes. 

In Feld’s method,' the gas drAwn from the maip, as already 
described, is passed through a weighed U-tube containing cotton 
wool. Before weighing, the latter is placed in a water-bath warmed 
to the temperature of the’gas in the main, and the gas passed through 
it, after traversing two acVlitional U-tubes placed in the same bath and 
filled with cotton wool (unweighed) and calcium chloride respectively 
until its weight is consjant. Thd^’weighed tube is then connected 
•directly with the tar-ladci] gas stream and a measured volume of gas 
passed. The tube (s then re-connected to the outlet of the two U-ti^bes 
previously employed, and the gas “again pa.ised until the weight of 
tl\p tar-absorption IjTubc is constant; the increase of weight gives 
the amount of tar-fog in the' t-olume, of gas passed. Working in 
this manner, the, moisture in the filtered tar is removed without 
simultaneous loss of tar vapours, as the gas employed is always 
saturated with tar, vapours .at, the temperature of the gas main. 

t 

.■ • » Oiibes of Nitrogen. 

The deterfhination of oxides ^of'witrogen is of importance more 
especially in ammonia oxidation plants. In the absence of ammonia, 
nitric oxide and nitrogen peroxide are determined by absorption in 
standard alkali .and titration of the excess of alkali with or without 
'addition of hydrogeit peroxide. Owing to the difficulty of absorbing 
nitric oxide by water or alkali, a large excess of peroxide should be 
used to ensure oxidation to peroxide. 

In the gas leaving the catalyst of an ammonia oxidation plant, 
unoxidised ammonia i.s present along’ with the o/<ides of nitrogen. 
The usS o^hydrogen peroxieU or other oxidising agent in this case needs 
special consideration, As hydrogen peroxide and ozone oxidise ammonia 
to ammonium nitrite. Fej: - suggest.s the following procedure for the 
analysis of the mixture. The gas is mixed \tith a m(;asured volume 
of oxygen sufficient to o.%idisc the nijric oxide, and is'then passed 
through two absorption vessels. The first contains standard alkali 
only, and absorbs a portion of the nitrogen peroxick and all the ammcuiia 
unless this is [srcsent to»an abnormal hxtent. The second contains 
standard alkali and hydrogen pcroxkle to about i pef cent, concen- 
tratio*, to complete the, A)Sorption of nitrogen pcrcftcidc. Ammonia 
is detcriTiined by oxidation with sodium hynobromite, and nitrogen 
^WWltiSe by separate titrations of tie two absorbing solutip^ns. The 
residual gas i^ measflred in an aspirator and allowance made for the 

' /. GashleucHt., 1911, 54, 33. •, ^ ^ J. ‘hid. Eng. Chtm., 1917, 9, 737. 
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volume otf oxygen added, the water vapour, condensed from the gas in 
the first absorption vessel, and the small volume of oxygen evolved 
fsom the hydrogen peroxide, A simple formula is deduced from the 
results for the ratio of nitric oxide to ammonia. Different methods 
offering possibilities for the development of rapid works control have 
been devised by Taylor and Davis,* and by Gaillard ^ (see p. 487). 

Nitrous oxide may be determined by combustion with either 
hydrogen'' or caubon nmonoxidc ‘ in thc' Drehschmidt platinum 
capillary heated to bright redness (sec p. 257). The use of carbon 
monoxide is preferable, as under'.certain conditions ammonia maybe 
formed when hydrogen is used. 

■ Sulphui Dioxide. 

Sulphur dioxide may be determined by titration as describid 
on pp. 393-400. 

Sedium hydroxide is often employed for the determination of total 
acid gases, and the 'results obtained combined with that afforded by 
iodine solution make it possible to dcCei-mine SO.j rind SOn separately. 
■When the test is prolonged, oxidation of the sodium sulphite formed 
occurs, and this was shown by Titoff*' Wibe due to,minute traces of 
catalysts, and to be prevented by employing a negative catalyst; 
Haller" recommends the use of glycerol for this purpose. 

Hydrogen Phosphide. 

The determination of traces of this gas in technical acetylene is 
of great importance. Hydrogen phosphide, together with sulphur 
or silicon compounds, can be detected by bubbling the gas through 
an acid solution of mercuric chloride, or by causing the gas to impinge 
upon a black filter paper soaked with mercuric chloride and moistened 
with 10 per cent. h)'drochloric acid ; a white stain results if compounds 
of phosphorus, sulphur, or silicon arc present. 

The quantitative determinat'o.. depends upon the oxidation of 
hydrogen phosphide to phosphoric anhydride. Lunge and Ccdcrcreutz ^ 
pass a known ' volume of acetylene through ** ten-bulb tube containing 
a 2 to 3 per cent, solution of sodium hypochlorite. The liquid is 
washed into a graduated flrsk and phosphoric acid estimated in orle 
h^lf as magnesium pyrophosphate. The remaining half is employed 
^jr determining sulphur as barium sulphate. There is 'risk of explosion 
when passing acetylene through the hypochlorite solution. 

' /. Ind. Eng. Oieiiu, 1917, p, 1106. - Hid,, 1919, II, 745. 

^ Knorre and Anidt, ZtVr. V389, 21, 21^6. 

■* Treadwell and Hall, Anal. Chem.^ 5lh ed., 1919, 2, 802. 

® Z. physif, Ckem.^ 1903. 45 i 641- ^ /. C/Jitn. Iml.^ 1919, 38, $2 T. 

Z, angew. Chem.^ 1897, 10, 051. 
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Dennis and O’Brien' modify this method by producing tljc acety¬ 
lene from calcium carbide without marked rise of temperature in a 
small Kipp’s’apparatus by means ’of a saturated solution of sodiurrj 
chloride, and by employing for absorption a Friedrich’s ^gas-washing 
bottle, modified so as to permit easy rinsing with water at the end 
of the passage of gas. Method^ in which the acetylene is burnt, and 
the i>liosphoric anhydride'determined in the products of combustion, 
have been devised by Kitncr and Keppel?r,“ aijd by Gatehouse,'' 
The latter burns the gas at the rate of about lo litres per hour in an 
ordinary burner under ajocll jar. 'The products of coir,bu.stion pass 
♦hrough a drying-tower and a long condensing tube down which a 
little water trickles. j^The apparatus, at'the end of the test, is cooled, 
wnshed out with water, and the pliosphoric «icid in the condensate 
an^ washings titrated with Nj\o sodium hydroxide, using phenol- 
phthaloin as indicator. • 

* 

AUTOMATIC 'gas ANALYS''iS 

Various forms of apparatus,'* which automatically determine and 
record the percentage, of a c<Jlstituent gas in a mixture, are available, 
more especially for the determination of carbon dioxide. 

In the sirflplest forms a soda-lima ab.?orbing vessel is placed between 
two .synchronously running gas meters, and the CO^ percentage read 
off from the difference of the volume of the gas before and after 
absorption of C@j as in the Bi-Metcy C 0 „ Recorder.^ To reduce the 
error due to variations in temperature in the gas in the two meters, 
theljas passes through a water cooler prior to entering the individual 
meters. , 

Sininiance's Combustion Recorder. The “ S. A, VV.” combustion 
recorder is shqjvn diagrammatically in’Fig. 167. The apparatus is 
operate^ a* Tollows. Water'passing through the injector A in the 
water supply, causes a continuous stjeam of gas to be drawn out of the 
pipe-line from the flues B*<this is seen bubbling through the water in 
the tell-tale chamber C. After passing through'the injector the water 
flows into a tank E fitted with a syiihtvi pipe F, which empties the 
tajik when full. 

As the syphon discharges the water more rapidly than it flows in, 
'^the tank is pcriocb’cally fillcfl and emptied. * Standing inside the sypho'n,^ 
tank is a metal bell, G, haviyg an inlet l^ipe, H, communicating with the 
flue pipt tjirough a simplg non-return liquid seal, J, aifd an outlet pipe 

• ^ A Ind, En^. Chem.^ 1912 ) 4 i 834. • I* ^ 

igoi, 44, 548, ^ ■’ Acelylene^ 1908, 5, 167 ; igog^6, 58. 

• * Maile by the Cambr'ul^e and Paul Scientilk Inslrument Co., Lttt., C.uiibridge, Hnglaiid. 

^ Supplied by Messrs Alexandef Wright & Co., I.td., Wfttminstcr. * 
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K, openCngto air through another liquid seal, L. Within the bell is a 
smaller gas chamber, M, open at the bottom, with an outlet pipe at the 
^op which is led down into the tank containing the potaSh solution, N. 
As the surrqunding water in thiJ'syphon tank falls, so a sample of gas 
from the continuous stream is drawn into the bell, and as the water 



rises the bulk of the sample is discharged through the outlet seal, 
while the remainder in the smajlcr gas-chamber is forced through the 
potash solution, and rises under the measuring bell, 0, the bent pipe of 
which has been meanwhile closed by the water in the syphon tank. 
The quantity of gas tripped in the inner bell is just sufficientrte,-aise 
the moving bell over the scale of lOO divisions when no carbon dioxide 
is present and absorbed" in the potash solution. If the sample of gas 
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drawn in contains carbon djoxide, the bell is not raised so'high, the 
height being a direct indication of the percentage volume of the 
carbon dioxide contained in the sample. • 

The height is recorded by a j^cn mechanism anci an analysis 
completed about every three minutes. The ends of the pen marldngs 
form a continuous curve. * , 

The apparatus and it.s tnode of operation slightly modified when 
employed for recording the percentage of carbon (iioxide in illumina¬ 
ting gas. The apparatus is also applicable, with slight modification, to 
the determination and rc(prding ofl^e percentage of carbon monoxide 
<n coal gas, producer gas, crater gas, etc. For this luirposc the entering 
gas is aspirated thnpugh a train of reagents, whereby carbon dioxide 
ahd ethylene arc first removed from'the gas aftd the carbon monoxide 
sujjscqucntly oxidised to carbon dioxi<le. 

Other forms of carbon dioxicl^; rccowlers of this chemical type are 
supplied by the ‘VSarco ” Enginbering Co, London, and the W. E. 
Patent^, Ltd,, Leeds. The?e, Kigether with tire Arndt and the 
Webster carbon difixide re«or,d«r.s, the Levy and Simmance ciirbon 
monoxide and the h'dwards sulphuretted hydrogen recorders, are 
described in Cas Wofks Rean^icrs, by L. Levy, London, 1922, 

The Katharometer. —The hatharoineter, initially designed byO, A. 
ShakespeareJ ferr indicating the pre.s,en(!e of small quantities of hydrogen 

in air, has been developed by the Cam¬ 
bridge and Paul Scientific Instrument 
Co,, for recording the percentage of 
carbon dioxide in flue and other gase.s. 

The instrument utilises the principle 
that the heat loss from a fine heated 
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wire surrounded by gas within a small enclosuse is conditioned by 
the thermal conductivity »)f the gas in 'the enclosure. The instrO- 
ment contains two identical spirals oi platinum wire, efTclosed in two 
separate cells in a metal, block (Fig. iGcS), each of tRc spirals being 
connecteef to form one arm of a balanced Whetstone bridge circuit as 
in . Fig, 169, the other two arms tieing coifs of manganin wire. 

' If an electric current'flows in the circuit, the spirals ^become heated 
^ Roy. Proc,., 97 , 273 ; P>oc. I J^s. ^oc.^ iy2i, 33, 165. 
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and will''lose heat to the walls of the enclosures. If the respective 
enclosures contain gases of different thermal conductivities, the spirals 
vrill cool at different rates, and the difference of temperature of the 
two wires vdll cause a defleefion of the galvanometer, which is 
dependent on the difference in thermal conductivity of the two gases. 
If, therefore, one of the enclosures contains a pure gas and the other a 
mixture of two ga.ses, the deflection will be d measure of the amount of 
the second gas present, ?.nd the galvanometer scale can be calibrated 
so as to indicate directly the composition of the mixture. Either 
an indicating or recording galv'/nometer may be employed. The 



arrangement thus resembles that of the platinum resistance thermo¬ 
meter (p. 152). ' ' , 

I'he thermal conductivity of .hydrogen at ordinary temperatures 
is about five times that of any other gas wivh the exception of helium, 
the thermal conductivity of which is slightly larger. The katharometer 
is therefore extremely suitab'e for the determination of the purity of 
hydrogen, or the admixture of hydrogen with air or other gases. 
The chief limita,tioii of the method is that it can give no qualitative 
_ mformation, and can only give quantitatlYfe results m certain special 
cases. It is almost impossible to deal with very complicated mixtures 
of gases. Moreover, the sensitiveness depends slightly on temiJerature 
and very largely on the current in the bridge, which must therefore be 
adjusted about once a day. '' 

The instrument has found application in' detecting dangerous 
mixtures in the neighbourhood of hydrogen generating plants, in the 
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determination of leakage of hydrogen and helium througH balloon 
fabrics, etc., and the analysis of nitjogcn-hydrogen mixtures employed 
in ammonia‘synthesis. Nitrous oxide, carbon dioxide, and metharA; 
in air are mixtures which lend themselves readily to aaalysis by the 
method. The analysis of producer gas, blue water gas, coke oven 
and blast furnace gases is not at present possible by .the method. 
The'instrument has, hovv^ever,, been satisfactorily applied to record¬ 
ing carbon dioxide in flue gases. Of the* gases present, nitrogen, 
oxygen, and carbon monoxide (in certain cases) have nearly the same 
conductivity. The quantn’ty of hydrogen and methane is'extremely 
^mall, and the gas is always saturated with water vapour at the 
temperature of the instrument. 

’ For measuring the percentage of carbon dioxide in flue gases, the 
kaptharometcr is mounted in a head carrying the two manganin 
bridge coils, and a series coil in tfic galvanometer circuit which makes 
all katharometers interchangeable. Flue gases are aspirated ovar one 
of thcrplatinum spirals by inserfing the head in' the flow system, as 
shown in Fig. I 70 ,»thc gasds biing previously filtered through wood 
wool, linen, and glass wool. Four-way leads are taken from the 
katharometer to the; indicactr or recorder situated at any distance. 
A single indicator may be employed with a number of katharometers, 
convenient swifehes being mounted.on & panel near the indicator. 


Other Forms^of Gas-Analysis Apparatus operated Electrically- 

* Various devices for analysing gases automatically, and more 
especially for indicating tlic presence of a definite maximum amount 
of one combustible constituent, have been developed by Weaver and 
Weibcl, and others.‘ 

These depeqfl upon the combustion at the surfac* of an electrically 
heater^* plvitiTium wire of flic gas contained in the surrounding 
atmosphere.^ This, combustion ta^es, place at a temperature fnuch 
below the normal ignitipi* temperature of the gas. The resulting 
rise in temperature of the wire depends upon the quantity of com¬ 
bustible gas present. Tlfe mcasuremsnt of temperature is effected 
iij various ways. Thus the compensated bridge indicator (p. 153) 
consisting of a Wheatstone bridge of four platinum wires, two of which 
' on opposite sidcis of the Bridge are rendered inactive by a thin coat-,, 
ing of inactive material, naay be used* in the manner^described above. 
A volfmeter with scale, graduated to show the percentage of the 
ccmbustit)le gas hydrbgen in electrolytic o^j/gen, carbon monoxide 
in-rtfr about producers, etc.) is conneefed across the bridge, aijd serves 
' to indicate at all timeS the percentage of the ^as in q^restion present. 

^ See Buyeau of SliwdardSy S<4tniidc l\ttrSy 1919-20, I 5 ) 47 ' 
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A contact-making attachment causes an alarm to ring when the amount 
of gas reache .4 the limit for which tlje contact has been set. 

’ A glowing-wire indicator consists of two short lengths of fine 
platinum wire, the currents through which are supplied by a dry 
battery and controlled by two small rheostats. One wire is active, 
the other inactive. By adjusting the rheo.stats, the two wires may 
be made to glow with the same intensity. ' One rheostat deternfiines 
the ratio of the cu!rents"in the wires, and Can be graduated so as to 
indicate the percentage of the combustible constituent directly. The 
device is practically indepcndent''of the illumination at the place of 
use and independent of the voltfige of the battery used. The glowing- 
wire indicator is suitable for use in detecting leaj;s in gas mains, and 
in examining spaces in which the pre.sence of a dangerous amount of 
combustible gas is su.spected. 

The bimetallic detector, intended only to actuate an alarm or other 
device when the amount of combustible gas attains' the limit for which 
the alarm is set, consists of two bimetallic .strips, with one end tf each 
rigidly fixed to an insulating support. - A millimetre or two below the 
strips are .stretched platinum wires, one active, the other inactive, 
which serve to heat the bimetallic stripL When equally heated the 
strips bend equally, but when unequally heated, they indicate by a 
relative movement of their free ends the difference in temperature. 
The platinum wires are connected in series to any convenient source 
of electric current, direct or alternating. The free ends of the bi¬ 
metallic strips bear contact points which, when the strips come 
together, short-circuit the platinum wires through an alarm. One of 
the contacts is adjustable, permitting the instrument to be set for 
various percentages of combustible gas. The instrument is readily 
adjustable to sound the alarm at less than O'l per cent, of hydrogen. 
A somewhat sim'llar device has been employed by Alderson and 
Holmes.^ For an automatic method of determining carbon'mopoxide, 
see p. 323. 
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» 

Analysks, from the fuel standpoint, iT>ay be required of wood, peat, 
lignite, coal, and their products of carbonisation, wood charcoal,coke, 
gas, a»id tar product.^. To tlicsd must be addcc? petroleum products, 
and less frequently vegetable .oils. 

Wood, wood charcoal, and • peat need hardly be considered, as 
determinations o/ n:^isturs'Vnd ash usually give all the information 
required. 

Sampling;.—Unless the portion analysed is truly representative of 
the bulk, an accurate analysis is worthless. Moreover, if any doubt 
arises, the analysis of the laboratory sample can be repeated, but it is 
usually impossible to get another sample from bulk. The sampling must 
be carried out according to a properly worked-out plan, and if the price 
paid for the fuel depends on the analysis, the method of sampling 
shoidd be a part, of the contract. With coal, difficulties of .sampling 
are cau.sed by the presence of lumps of .shale, slate, bone, or pyrites 
and \^ariation.s jn the ash and moisture"of the coal substance. Coal is 
far fro^n bein^ the homogenebus substance it appears to be externally— 
a fact not always appr*eciated by eijgiqcers or other coal users: hence 
the problem of coal sampling shoulcf be considered as identical with 
that of ore sampling. As showing the vaViations Jn apparently 
homogeneous coal, the folli?wing examples arc of interest. In a piece 
c^f Dci.ster coal weighing 5 kilograms, Fischer found the ash to vary 
from 4 per cent, to 31 per cent, in different portioBs of the sample. .In 
twenty-four sarqplcs frotrf the Unser Fritz mine, the ash varied on'lv 
between the limits of i-i per cent, and y-S per cent. Eight samples of 
coal frbm a Leicestershire mine showed ash varying TDetween 8-4 and 
per cent., and fifteen samples qf anthr^tite from another mine 
hau'ash contents between the limits' 3 and 41 "per cent. In,the two 
' last series the samples were clean coal and free from, bone and slate. 
The general problem of 'jampling has ^already been dealt with on 
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pp. 4-12! For fuller details of coal sampling, reference may be 
made to the Report of the Comnyttce on Steam Engine and Boiler 
Trials (Institution of Civil Engineers, 1914), and to Bulletin 116 of 
the U.S. Buneau of Mines (“ Methods of Sampling Delivered Coal,” 
by George S. Pope, Washington, 1918). In a valuable paper on coal 
sampling, E.iG. Bailey' emphasises the necessity of keeping a proper 
relation between the size of the largest lurnp present and the weight 
of the sample containing’it. He gives .the "following table, based on 
an extensive series of experiments :— 

f r 

C 

to ivliicii Coal should be broken before qnarln-ing or dividing 
Sdmplcs of Various Weights. 


Weight of wimitlD 


llaximuui 8170 

Weight of aainple 

Mnxlninm 8 i 7 o 

to lie dividod. 


of lumps. 

tu i>e divided. 

of lumps. 

Lbs. 


Ins. 


IU9. 

7500 . 


2 

' 40 . 

. 2 mish 

3800 


• ‘’S 

' , 5 ' ■ ■ - • 

. 4 mesh 

1200 


. I 

0’5 . 

8 mesh 

4('io . 


■ 075 

p 25 

10 mesh 

180 . 


. 0-5 




Washed coal, or any coal showing visible moisture, cannot be 
reduced to a 5-lb. laboratory sample without serious error. Some 
experiments carried out by the writer showed that this error may 
amount to as much as 5 per cent., and other workers have also found 
errors of the same order. This error can be minimised by dividing 
rapidly down (with crushing if necessary) to a 100 or 200 lb. sample, 
and air-drying this on a metal tray weighed on an ordinary steel¬ 
yard weighing machine. (For details see Report of I.C.E. Committee 
above quoted.) , ' ^ , 

Although many text-books on fuel, and original papers on boiler 
trial fuel sampling, etc., give ailipld details of the methods of sampling, 
data from which the accuracy of such samjjling can be checked arc 
very infrequently given, and hence some cr.amples drawn from actual 
practice may be of interest. 'H'rom a lighter containing 100 tons of 
Welsh coal (large c^al with about 30 per cent, of slack, air dry) two 
bulk samples of about 2 tons each were tqkcn during unloading by . 

Withdrawing a- shovelful from cqch skip, care being taken to keep the 
right proportion "of large coal and slack. The first heap, B, was r,educed 
to a lO-lb. sample by crushing and quartering by hand in the usual 
manner. The other heap. A, wa^ treated similarly, but portions ofjhe 
rejected* halves were worked down to small bulk separately, using a , 


' J. !nd. gn/;. c/i/m., 1909 , 1 ,- 161 - 178 . 
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riffle sampler. These samples were labelled Aj, A,, Aj, 6tc. The 


results were as follows:— 


/ 

• 


Moifllnre. 

Ash. 

No. 

n.T.I^ porlb. 

IVr cent. 

I’or cent. 

A, . . 

. . . 15,000 

M 

Vs 

A.. . 

. . 14,680 

M 

6-0 

A;. • ■ 

14,750 * 

0-9 

^•7 

A, . . 

• ' ■ ,■ 15.040 

1-5 

5-3 

B . 

. • . . 14,900 

* 1 : 3 . 

7.0 

Mean 

14,874 

I'2 

6-r 


• » 



Error expressed as 

deviation frofn the mean :— 



♦ I’.T 

[’iir cent.* 

per cent. 

Maximun\ 

+ M 

4 - 0-3 

+ 0*9 

Minimum 

. . . --1.3 

•- 0-3 

-0-6 

Avcrag^c . 

. . . ±0-8 

±0*2 

+0-8 


Duplicate samples from bulk'taken •by the writer during numerous 
boiler trials have given differcncis of the same order, about l pej cent. 
Wasl>cd slack, with a prelirhinafy air-drying of A 200-lb. sample, gives 
smaller (lirferencc.'i 0'3 to o-*4 per cent. On the other hand, small 5-lb. 
samples obtained directly from* washed .slacks, without air-drying on 
the large sample^ shjw diffpifcnces up to 5 per cent. Another example 
of coal sampling from a barge is given below. One sample was formed 
by taking a ^liovelful from the spth’,’ 150th, 250th grab, and so on; 
the other started with the tooth grab, so that the two sets overlapped 
right through the cargo. Each of these was independently reduced to 
small bulk in the usual way. The figures obtained were;— 

No. 1 Sam|)le> No. 2 Samplo. 

Moisture . . . 10.4 per cent. lO'O per cent. 

• Asli .... 9-6 „ 9-2 „ 

CalorilicValiie . . I2,9(xi 13,020 

With reasojiable care and experience it is clear that coal can be 
sampled iolxH being skiflet^ with an accuracy of 1 per cent., and in 
special cases, such _a.s* washed screened coal, to between 0-3 per cent, 
and 0-5 per cent. • , 

The whole of the laboratory sample is air-dried to gonstant weight 
in a small weighed tray (fhe original container being weighed wifti it 
jf there is visible moisture), then rapidly reduced to powder in a coffee 
mill, or by other mechanical means, ancf finally»powdcrcd to at least 
100 mesh in a, small clcTsed ball mill. ‘Grinding in a mortar, or* in 
certain forms of disc grinders, leads lo a loss of moistufe, owing to the 
local •ri.se of temperatpre due to friction. In coke sampling the 
Jjiardnc.ss must be borne m mind and fare tak^ to avoid contamination 
frutn metallic iron derived from the finding apparatus. ^ 

Moisture.—For tvashed or visibly wet coals thc^ preliminary air¬ 
drying on at*least 100 lb;.describe! abopc Ts essential, and the figure 
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obtained 'ahould accompany the small labpratory sample. The whole 
of the latter ijs air-dried to constant weight in tlic laboratory before 
reduction to powder, and all the laboratory determinations arc carried 
out with the air-dried material arid the results calculated bach to the 
original coal. 

One g. is ^weighed into shallow weighing bottle (depth 22 mm., 
diameter 28 mm.) and heated to 105° to ,107° 'n a constant temperature 
ventilated oven hea»‘ed by toluene or glycerol, cooled in a desiccator 
over strong sulphuric acid, and weighed stoppered. Dry coal-dust is 
very hygroscopic, and the use of oitrin cruciblos or dishes as containing- 
vesscls or of an inefficient desiccator gives, low moisture figures. A* 
good alternative method, if a suitable air-pump is .available, is to dry 
for forty-eight hours in'a vacuum^ of about i mm. of mercury over 
concentrated sulphuric acid at the ordinary temperature. (The Rcpo'.t 
of the Sub-committee of the Eighth International Congress of Applied 
Chemistry on the Determination of Moisture, 1913, contains a large 
amount of informatiovi on the determination of moisture in coaband a 
compari.son of various methods. Sec aKiQ an abstract; of this rc[)ort with 
some additional data by G. N. Iluntly and J. II. C'oste.’) 

A third method, useful for the estimatif.ri of moisture in coals liable 
to oxidation when heated in air, is based on the distillation of the coal 
with a liquid not miscible with' wjiter, such as benzc'nc, xylene, or 
petroleum. This method was used by Marcusson for the estimation of 
water in oils, fats, soaps, and resins, and was applied to coal by 
Schlapfer.^ 

Fifty to 100 g. of the fuel, according to the water content, is ' 
brought into a 500 c.c. flask and 200 c.c. of xylene added. The fiti-sk 
is connected with a vertical condcn.ser by a tube ^nf about l cm. 
diameter and the distillate received in a measuring tube of the form 
shown in Fig. 171. , The flask is cautiously heated until.the liquid is in 
a state of quiet ebullition : after 30 c.c. of distillate ha.s biAmtCo'ilectcd, 
the distillation can be conducted piore rapidly,' about 150 c.c. being 
collected in thirty minutc.s. The collection of the water under the 
xylene layer if facilitatfcd by placing the tube in warm water, and 
bringing down any drops .adhering to the .Ijide with a wire. Gareful 
cleaning with steam and chrolnic acid solution after each detcrminatioi] 
reduces the tcndency>for drops to hang on the sides. The tube must 
be ’ calibrated, but' other corrections for the' shape of the meniscus, 
solubility of the water in the xylene, and lo.=ses during distillation are 
best made by running a distillation on weighed quantities of wat*. 

An improvement onqthis metfiod has been recently described by 

; J. Soc. t'hem. 1913, 32, 62. ^ ^ 

Z. angeio. Chrm,, 1914, 27, 52, A hibliogriiptiy of the extensive literature on this metliod 
is given in y. hui. Ettg. Chem.^ 1920, 12, 1-490. 
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E. W. Dean and D. D. StarJ<.^ The special point is the shrfpe of the 
graduated receiver (Fig. 172). Th^ condensed water is cpllccted in the 
closed end, and the excess of hydrocarbon flows back into the distilling 
flask, which is round-bottomed and of 500 c.c. capacity. A mixture of 



<50 per cent, of commercial xylene and* 20 per cent, of commercial 
“90 per cent, benzol” is recommended by the authors. Results 
with measured, amountsf of water agr'eed within*01 c.c., which' is 
apparently the normal experimental *;rror. For substaTices containing 
small percentages of water a larger distillation fla.sk ancl correspondingly 
Jprger quantities of matorial will givg higher _^ccuracy. When applied 
to coals, this method can be used where there Ts a tendency to oxidise 
in the oven, and tht use of 50 or too g. samples obviously gives a 

• * _ 9 * 

’ J. Eng, Chem.^ J 92 fi 12, 488. 
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better average result than in methods working on l g. For oils the 
method is iiii general use, and it is specially suitable for tar oils or 
emulsions containing large percentages of water, in which direct 
distillation gives rise to unpleasant bumping. 

Ash,— For coal, coke, lignite, or other solid fuel, a i g. portion is 
heated in a flat-bottomed porcelain disti, platinum dish, or tray, in a 
gas or electric muffle. The heating must oe gradual and the dish 
should be covered until '“‘he coking stage iS' passed, as particles are 
liable to be thrown out of the dish owing to decrepitation. The cover 
is removed -and the carbon burnt off at as low a temperature as possible, 
about 75 o°- 8 oo°. The joint Committee of,the American Society fon 
Testing Materials and the American Chemical Society recommend 
a muffle temperature of 700° to 750’.' 

The ashing is more rapid when the fuel is spread out in a thin layifr 
in this manner than when a crucible' is emffloyed, and no stirring is 
required. After cooling and weighing, the ash is treated with a little 
alcohol, when any uh.burnt particles wilt be visible. The alcohol is 
evaporated on the water-bath, thus causing the ash to adhere to the 
dish, which is reheated in the muffle for thirty minutes and again 
weighed. The process is repeated untjif the variation in weight 
between two successive ignitions is 0^0005 g. or less, 'and no unburnt 
particles show on treatment with alcohol. 

G. Lunge determines the ash in a crucible. A circular hole is cut 
in a piece of asbestos board or quartz plate and the crucible is placed in 
this as shown in Fig. 173 ; the flr.mc thus comes 
in contact with the lower part of the crucible ' 
only, and the fuel itself is in free contact with 
air. The temperature should be kept as low 
as possible consistent with combustion, and 
the conLcnts of the crucible frequently stirred. 

During the inoineration of thocc^l Various 
chemical changes other'than the removal of 
combustible matter .rpay take place—removal 
of cvbon dioxide from carbonates, oxidation of iron pyrites to ferric 
oxide, formation of silicates, etc,—and hened' the weight of the ash will 
depend to some extent on the temperature of ignition. If the ash 
content of a coal is r«quired‘for controlling deliveries under a contract, 
thd incineration temperature' should be given in the specification, 
^though if thif carbon is burnt 0,^ at the lojvest possible temperature 
the results arc iftually consistent. A suitable type of gas mivffle is 
shown in Fig. 174, and ai^ electric muffle in Fig. 175: the latter'permits 

Ind^F.ng. Chtm.^ 1917, 9, 100. See also F. Weisser, CJum. 1914, 38, 1364, 
1289, and J. Soc, Chen% Ind.^ 1915434- 130; and F. M. Stagton and A. C. Fieldner, “ Methods 
of Analysing Coal and Coke," Bureau Mines Technical Piper 8, Wasliington, 1912. 



Fio. 173. 
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a very e>:act temperature control. After weighing, the ash may be 
kept for analysis. 

.. The dctcrniination of ash in oil rcquirc.s some special precautions. 
From 25 to,50 g. of oil is weighed out into a platinum dish and 
heated very gently, preferably over a luminous Argand burner turned 
low, so that the oil gradually evaporates without catching fire. When 
no more vapour is visible, the dish is coverell and the residue gently 
raised to the coking) temprrature. On removing the cover, the residue 
should smoulder away without flame; the final ignition is most 
conveniently done in the muflle.'' The ash from oil, and from some 
bitumens, is light and pulverulent and may readily be lost through' 
the draught caused by carelessly opening the desiccator in which the 
di.sh has been cooled. If the oil is'allowed to burn at any stage of the 
incineration, the draught produced by the flame is usually sufficient bo 
carry away the greater part of the ash." 

■Volatile Matter and Fixed Carbon. —The amount of coke left 
after ignition of the ctial in a closed 'crucible, minus the ash, is known 
as the fixed carbon, and the loss, after dbdudting moisture, is the volatile 
matter. 

The determination of volatile matter 4 s essentially empirical, and 
the results depend on the experimental conditions— e.g., weight of 
sample taken, weight and material, of the crucible, temperature and 
period of ignition. The different methods proposed and in use before 
1909 were investigated and compared by If, J. Constant, and his results 
and conclusions given in a paper before the Intcrnatio'i'ial Congress oi 
Applied Chemistry in London, in 1909. With slight modification, the 
method proposed by the American Committee on Coal Analysis Was 
then adopted as the international method. This i.s as follows :—l gf of 
the fresh undried powdered coal is heated for seven minutes over the 
full flame of a liunsen burner m a polished platinum crpcible weighing 
from 20 to 30 g., and provided with a ti^tly fitting (cait^uk' sTiapcd) 
cover. The bottom of the crucible, which is supported on a platinum 
triangle, should be from 6 to 8 cm. above the,' top of the burner. The 
flame when bur<’iing frec'should be 20 cm. high, and care should be taken 
to protect it from draughts during the determination. The under surface 
of the cover should remain coated with carbon, but the upper surfacy 
should always keep ■free from it. Analyses for arbitration purposes 
giade in different places by ‘this method ofi the same sample show 
differences for the most part of lens than i per cent, in the yield of coke, 
and only rarely as much as 2 per cent. In the case of lignites of coals 
with very high volatile cnatter, the seven niinutes full heating is pre¬ 
ceded by a preliminary heating for from four to five minutes over a 
low flame to avojd mechanical losses, and it is sometimes necessary to 
use a coarser powder to avoid decrepitation. Later refinements include 
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working at a fixed temperature in an electric muffle (925°),,but these 
have not at’prcscnt been geherally accepted.' 

Hence, in a proximate analysis of coal, the moi.stur'e, ash, and ash 
plus free carbon are experimentally determined. The fixed carbon is the 
coke residue obtained by the above method less the separately determined 
ash. The volatile matter is '100 — (fixed carbon + ash + moisturc), or 
loo»- (moisture + cokc determined as above). Lor purpo.scs of classifica¬ 
tion the volatile matter in calculated to the ba.sis of dry ash-free coal. 

Sulphur.—Sulphur occurs in coal partly as organic compound.s and 
partly in inorganic combination. These have been further subdivided ; 
•the inorganic into pyritic (or marcasitic) sulphur and .sulphate sulphur, 
the organic into resinic and humic .sulphur.'' A di.stinction has also been 
made between totaf sulphur and " velatile sulphur,” but the definition of 
^e latter term is too vague to be of much practical service. The sulphur 
left in the ash after burning a strbiple in a boat in a combustion tube in 
a current of air ly oxygen is always higher than that found in the ash 
from^ combustion in coini 7 i\;sscxi oxygen, as in the calorimetric bomb, 
and the percentage of sulpluir in the ash of the same coal burnt under a 
boiler may give yet a third fip;ure. The term volatile .sulphur is also 
sometimes taken to represent the amount contained in the volatile 
matter driven 8ff during (fry distillation, and this can be calculated 
from the sulplnir percentages in the cftiil and in the residual coke. 

The estimation of total sulphur in any solid or licjuid fuel is best 
carried out by combustion in a bomb (see p. 347) under a pressure of 
30 to 40 atmospheres, the higher pressure being used if the sulphur 
» percentage is high. The quantity taken fur combustion depends on 
tli,e,amount of sulphur in the fuel and on the capacity of the bomb. 
Tlic bombs in use range from 180 c.c. to 500 c.c. capacity, and the 
larger the capacity the less the difficulty in securing complete combustion. 
For coal, i g. is a suitable amount; 10 c.c. of distilled water are placed 
in the 4 jo(jib,before filling at 30 atmo.sphercs pressure. The sulphuric 
acid ftirmed is partly*ijrcscut in the form of fog, and if the pressure is 
released toi? soon after ^ring, low *r(!.sTilts will be obtained. Hence at 
least twenty minutes slTould be allowed between firing and releasing 
the pressure. Care shoulc>bc taken that the washer, if of lead, is kept 
clean and free from incrustation. After evening up, the contents of the 
Bomb arc washed out into a beaket, 5 8.c. of a.saturated solutio^i of 
• sodium bicarbonate added, and the liquid boiled dovfn to small bull? to 
decompose any lead sulphate arising from the washcl^ and the prei- 
cipitate filtered and washed. Even in the absence‘of a lead washer 

^ Ifahc tcnipcriiLurc ib IhcJ (925“ 011 the IxitLoyi of the cov«r«l ontciblo inside), the method of 
heotiiijr may be v.tried. A mriffle ftini.nc or simple form of llilie ftiiiiacc i.s convenient. 

'' A. K. Powell and S. W. Parq “ A Study of the Foims in which Sylphur occurs in Coal,” 
University of Illinms Bulletin No. I16, 1919. ^ * 
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may have been 


a filtratiop is always necessary to remove any particles of enamel which 
detached. The washing's are acidified with hydro¬ 
chloric acid,' and the sulphate precipitated in 
the usual manner with barium chloride. Some 
bombs have been sold the enamel of which 
contained a soluble sulphate; the washings 
from such instruments after burning a material 
fr<^e from sulphur ,sh,nw appreciable amounts 
of sulphate, even after prolonged use, A few 
combustions of bcnzoj.c acid (which can easily 
be obtained practically free from sulphur) and 
analysis of the bomb washings will show 
whether the bomb is suitable for sulphur de¬ 
terminations, The residue in the platinuRi 
capsule, may dontain sulphur corresponding to 
0-05 per cent, (or less) of the total ,sulphur in 
the coal. It ■ shduld be fused with a,, little 
sodium carbonate and the ,,solution added to 
the washings. , 

For oil, 07 g. lis a suitable amount if the 
sulphur is l per cent, or iniddr; for oils high 
in sulphur such a quantity of'oil .should be 
taken as to'give not more than o-ij g. barium 
sulphate; for oils very low in sulphur, several 
portions of 0'7 g. should be .burnt and the 
combined washings analysed. In such cases, • 
some blank combustions of pure benzoic acid 
should precede the actual determination. D."p- 
licates should agree within 0'005 per cent, for 
low sulphur oils. 

If a bomb is aot available, comby,stk)n in a 
boat in a tube of hard glass or fused silica by 
the Dennstedt method (Fig. 176) is accurate 
and is applicable to bbth solid and licjuid fuels, 
although with oils <care and experience arc 
requited to prevent back explosions. Platinised 
quarft or'the Dennstedt stars may be used as 
the catalyst. OxygcB purified in the usual way 
can be Icfl into the combustion tube over the 
oil in the boat, or, independently, into th.e tube 
vyithout passing over the oil. The combustion 

PH). LfO. ^ ^ 

'Can thus bji hastened or slowed down at will, an 
important advantage in dealing with oil, P'or petrols, the boat cannot 
be used and the liquid must bc^weighed in a srrtall (J-tubc joined up to the 
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front end of the tube. The lamp method is more convenient for petrol. 
In the presence of the platinum catalyst the sulphur is wholly oxidised to 
the trioxide ^hich can be caught by attaching one or iiore U-l'Jbae 
filled with glass beads and moistened vt'ith decinormal sodium carbonate. 
After the combustion is completed, the combustion tube is cooled and 
washed out, since traces of sulpfturic acid arc retained by the glass, and 
the excess of sodium carUonate titrated with Hecinormal hydrochloric 
acid. Alternatively, the washings may be j-cidifiad and precipitated 
with barium chloride in the usual manner. ' In the case of coal or 
solid fuel, the ash in the boat m*i,fst be fused with a •little sodium 
>mrbonate, etc., to recover tjie traces of sulphates remaining in the ash. 
It has been slated tJiat when a quartz tube is employed no sulphuric 
afld is retained and the washing out Is unncces’sary. 

« For coal, K.schka’s' method is in common use. About i g. of the 
finely powdered sample is mixeef in a platinum crucible with 3 g. of 
a mixture of two.parts of wcll'calcincd magnesia and one part of 
anhydfous sodium carbonate.' THe open crucible in placed in a hole cut 
through an asbestoiboard (Fig..1^3), and is heated in such a way that the 
lower half only of the crucible attains a red heat. Healing is continued 
for about an hour^ thej mixtijrp being frequently stirred with a platinum 
wire. As soon as the grey colour of th*c mixture has given place to a 
uniform yellowish, reddish, or browjiis^r tint, the heating may be con¬ 
sidered to be finished. After cooling the crucible is placed in a beaker 
and covered with water; this is gradually heated to boiling, and 
extraction is cc«npleted by successive additions of water. Bromine 
"water is then added until the liquid becomes slightly yellow and 
the-solution warmed to effect the oxidation of any sulphides present, 
or Jfter warming,with bromine water the whole may be dissolved up 
with hydrochloric acid. The whole is then filte’rcd, the filtrate acidified 
with hydrochloric acid, and barium chloride added to tUe boiling solution. 
From tlfc amount of barium sftlphatc obtained the sulphur is calculated. 
The time required may be shortened Ijy making the solution upto a knbwn 
volume and Altering an alijiuot portion through a dry filter, and if an 
electric muffle is available, the heating may be dkrried oijt in this, with 
greater certainty of cxclusidVi of sulphur ^rom coal gas. A blank experi¬ 
ment must always be carried out with the same quantities of reagents as 
used in the actual analysis, as magnesia usually (and bromine occasionaUy) 
contains a little -iulphate. • Fusion with sddium peroxide has also bee*n 
recommended.® Neither thf; Eschka rwr peroxide metho’ds give satis¬ 
factory results with solid bitumens high in sulphur and volatile matter, but 

t]je figure's for coals with sulphur not ejcceedingc per cent, are accurate. 

• • • 

* y.. anal. Chem.^ 1^78, 17, 497 ; ./• (-'hem. fn<L, 1889, 8, 361. * 

“ S. W. Parr, Vy, F, Wiiccicr, aad R. Beiolihcimer; “4 Comparis< 3 Ti of Methods for the 
Delerminalion of Sulphur in Coal,”yi Iml. Eng. I 9 ^ 9 » ij 689- 
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Arseaic is frequently present in coal and coke: methods for its 
estimation h^ve been described by Thorpe,* and by IVf' Gowan and 
Floris.* 

Phosphorus.—The estimation of phosphorus is necessary for 
metallurgical purposes only. From i to 2 g. of the ash is digested 
with nitric apd hydrofluoric ^cids, the fluoride removed by evaporation 
to fumes with a slight excess of sulphuric acid, and this solution,'afler 
addition of nitric a'id, is precipitated with ammonium nitro-molybdate 
in the usual manner. 

Nitrogen.—Nitrogen is usually determined by the Kjcldahl method. 
From 0-8 to I'O g. of the very finely powdejed coal is weighed into a 
500 c.c. Kjeldahl flask, i g. of powdered yellow mercuric oxide (or 
0-7 g. metallic mercury) added, together with 7 g. of potassium sulpha'te 
and 30 c.c. of concentrated sulphuric acid; the whole is kept boiling 
till the solution becomes clear and’ the heating then continued for 
another two hours—not less than four hours in all. After cooling, the 
contents of the flask are transferred lo a kcond flask of about 'ooo to 
1500 c.c. capacity, and the first flask well washed out with water into 
the second. An excess of pure caustic soda solution (sp. gr. 1-25) is 
added, and 35 c.c. of a solution of ycllov\ sodium sulphide, containing 
about 40 g. to the litre, together with some small capillary glass tubes 
closed at one end to prevent bpinping. The wholit is then slowly 
distilled for about one hour into a receiver containing 20 to 30 c.c. of 
decinormal sulphuric acid, The usual bulb arrangement for preventing 
spraying of the alkaline liquid is interposed between the distilling flask 
and the condenser. Towards the end of the distillation the condenser 
water is cut off and the distillation continued until the steam-just 
reaches the standard acid. The excess of acid is titrated back ';.ith 
standard alkali, with methyl red as indicator. A, C. F'cildncr and 
C. A, Taylor'' have compared the various modifications of the 
Kjcldahl method with the Dumas method. The latter terds'to give 
high results partly on account of nitrogen derived from the copper oxide 
and partly owing to the fact that methane j.'- with difficulty completely 
oxidised by hot copper oxide. Some of the modifications of the 
Kjeldahl method give low figu/es with coaf, but with both mc.mury and 
potassium sulphate present as described above, the mean difference 
from the Dumas method was found to be 0'05 per cent. 

Carbon and Hydrogen.— Owing to the hygroscopic properties of 
finely divided coal after drying„the combustion is best carried out on 
the air-dried fuel, with subsequent correction of the water found for 
the moisture present as such. p\ny error due to possible “oxidation 

^ Thoifejj^ Chem, Soc.^ 1903, 83, 969. 

2 M'Gowan and Florjs,/! .SVtr. Chem. Ind.^ 1905, 24, 265. 

’ “The Determination of Nitrogen in Coal,” Technicil Paper 64, U.D.A. Bureau of Mines, 

1915- 
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during drying is thus avoided. The carbon and hydrogen are 
determined as in the ordinary ultiqpate analysis of organic compounds. 
Either a gas?furnace or electric resi.stancc furnace may Jie used. The 




Flu. 177. 


latter (Fig. I77)ihcats the combustion tube very evenly and regularly, 
•and permits a definite temperature being attainerl more readily than 
with gas; glass tubes la.st longer in con.sequence. With a gas 
fui.'i'ace, on the otlier hand, it is more easy to vary the temperature of 
sections of the combustion tube. 

The Fletcher furnace (Fig. 178) 
is very*c(^ivcnicnt as it can*be 
built up in sections td any de¬ 
sired Icngtfi and " admitj of 
control, not only in the usual 
way by the separate taps* but 
also by pushing in or out a 
section of the burners. A com¬ 
bustion tube of,hard glarss or 
fused quartz is u.sed : a, a (Fig. 

179) ave two asbestos plugs, 

^rapped* in very thin platinum foil,^and betjvcen these is a layer, 
«, of dopper oxide (granular or wire, form), tb *which in the^case of 
— coal containing much sulphur is added a shorter layer of coarse lead 
chromate. This retains the’sulphur, and, sf. alemperaturc just short of 
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fusion, burns traces of methane completely ; copper oxide alone cannot 
be relied upon to oxidise methane completely {cf. (4), p. 261). If the coal 
ismixed withlibout ten times its weight of dry powdered Ifead chromate 
before being, placed in the boat,'most of the sulphur is retained and 
the combustion of the coke is more readily effected. It should be 



Kio. 170. 


tubes. lieforc beginning the combustion proper, the tube is heated to 
low redness throughout its length, and a current of dry air freed from 
carbon dioxide passed through it for /ibout fifteen minutes. The front 
part of the tube is allowed to cool, the boat containing the sample 
mixed with lead chromate introduced, fhe weighed absorption tubes 
attached, and the coihbustion then carried out in the usual manlier in 
a current of oxygen. At the end ol .the combus'tion purified air is 
drawn through the tube to replace thc'oxygen in the weighed tubes. 

THE DETERMINATION OF THE CALORIFIC 
POWER OF FUEL 

The true calorific power of fuels can only be determined reliably by 
means of direct calorimetric measurements. There arc three types of 
calorimeters in common use :— 

(1) The fuel is mixed with a solid oxidising agen'i. 

(2) The fuel is burned in a stream of oxygen at ordinary pressure. 

(3) The bomfc calorimeter, in which,, the fuel is burpt in .oxygen 

under high pressure (20 to 40 atmospheres). • 

, I , ^ ^ 

Lewis Thompson’s Calorimeter, in whirh the fuel is oxidised by a 
mixture of potassium dnlorate and nitre, has been very largely used in 
technical work. Comparison of the Lewis I'hompson with other forms 
of calorimeter has been maefe by Brame and Cowan,* and by Gray and 
Robertson.** The former found that even after determining the unburnt ^ 
coal left after combustion the errors were Very large—2-3 to 6 4 per 
cent. The amounts of unburnt coal found with fuels of different types 
varied from 57 to 31-8 per cent,, so that the errors of the instVument 
when used in the ordinary way vyithout collecting and allowing for tlje 
unburnt^coal are much larger. Gray and Robertson found deficits of 

* J. S. S', lirame and,,W. A. Cowan,y. Soc. Ch^m. Itiil.t 1903, 5^2, 1230. 

2 T. Gray and J. G. RobC'lson,/. Soc. Chem.Jnd., 1904, 23, 704. 
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from I to 13 per cent., and concluded that no constant (*orrection 
is possible, and “ at the best, the njethod may be taken to give a very 
rough indicition of the heating value of bituminous} coals.” This 
instrument may therefore be regarded as obsolete, ajid has been 
largely replaced by an instrument of similar type in which sodium 
peroxide is used as the oxidisiilg agent. 

Parr’s Calorimeter.—*In this apparajms the sample is burnt with 
sodium peroxide. A nickfl-plated vessgj A (J^'ig. iHo), of about 
2 litres capacity, serves as the calorimeter. This is placed inside a 
wooden vessel C, which itself stands in a similar vessel' B: The two 
Sir-spaces, a and l>, and th;; double cover G, containing an air-space g 
and the wood materjal of the vessels, provide sufficiently for all practical 
l*urposes, against loss of heat. 

T'hc reaction vessel D (Fig. 181) ^ 
consists of a strong nickel-plated 
brass cylinder, the ends of wli^ch ' 
are pnovided withleatherwashers * 
and can be firmlj»screwed*oii;' 
it has a capacity of about 35 c.c.* 

The base J resb? 09 a coj:t:al 
support F, forming part of the 
inner vessel' F’; from the upper , 
end of D passes the tube H, 
which extends right through the 
cover G, and h provided with 
* a pulley P. A series of four 
small propeller blades, hh, is 
attkehed by sprjng clamps to 
D, which is rotated by means rm. "iso. Fm. lui. 

of a' water tyrbine, and by ’ . 

employing a sufficiently higti speed the water can be kept in circula¬ 
tion through E in th 5 direction of,th(j arrows ; a thorough mixhi’g is 
thus produced, and an 9v,<;n temperature maintained. The blades h 
are so fixed as to cause the current to flow downwards next to»the 
cylinder D and upwards outside E, wheii the rotation is right-handed. 
Ijisidc the tube II (Fig. 181) is a narrower tube L, notched on one side 
and continued downwards to a conical valve K.» By the action ef a 
spiral spring M,£onnectidn with the interior of D is cut off, unless the 
tube L is depressed by pressure at •N ; any escape of gases during 
combustion is thus prevented. Ignition of the charge is brought about 
-by dropping a red-hot pioce of iron wy-e into Ivthen sharply depressing 
N, when the wjre drops through K into D. A’delicate theruiometer, 
held in position by a ^hick rubber ring and reaching about half-way 
down the vessel A, is passe.d through a htale 8 to 9 mm. wide in the 
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cover G. • The double vessel B C is placed on a firm table, within reach 
of the necessary motive power. Tw^o litres of water are poured into A 
before it is placed into position, so as to avoid water bc'ing splashed 
into C; for if, the outer side of A^or the inner portion of C should be 


moist, this would ultimately produce an error in the results, owing to 
evaporation. ^The temperature of the water should be about 2° below 


the temperature of the 'room. .A is capful?/ set into C, and is then 


ready to receive the reaofjort. ve.ssel D. , ♦ 


The latter is carefully dried internally and externally, which is best 
done by gently warming on a sa'nd-bath or< hot-plate; the base J is 
screwed on and tightened with a key. Aboyt lO g. of sodium peroxidS 
(passed through a sieve of i mm. mesh) is then introduced. This 
reagent is best kept in a rvide-mo'uthcd stoppered bottle, along with a 


small measuring vessel, supplied with the instrument; the mcasurirfg 
vessel, which holds to g. of tho. reagent, is made of nickel-plated brass, 
and is provided with a small handle. ' ^ 

After introducingvthe sodium pefoxid’e into D, 0-5 to i g. wf the 
coal sample, together with any other fic^e.'tsary reagents, is put in, the 
cover screwed on, and the whole wcK shaken, K being kept closed 
by an upward pressure of the finger on l;l„other\j'isc a small quantity 
of the mixture may be shaken 'into L. The ve.ssel is then tapped, to 
bring the whole of the mixture'to tjlie bottom, the working of K tested 
to see that it acts smoothly, and the blades h elamped on; D is then 
plaeed inside A so that it rests on the conical peg at the bottom. 


Lunge' recommends the following method for cfirrying out the 
determination:— 


The coal to be tested is powdered, and should be passed through 
a wire sieve of 0’3 mm. mesh; a more finely dividci;) sample of Ka’rd 
coals and anthracite should be used, which may be obtained by 
placing a piece of bolting cloth' under the wire sieve. T-ignite mtist be 


previously dried, for about an hour, at a ‘temperature of'ioj" fo 110°; 
exadtly l g. of this substance is t,hcn weighed'out and ,shaken into 
the reaction vessel, previously charged with ,tkc 10 g. of sieved sodium 
perQxidc, after, which the vessel is closed and shaken for one to two 
minutes, as described above. Jiituminous coals do not require previous 
drying, unless the moisture‘exceeds 2 to 2?, per cent. In the case pf 
coai, exactly 0-5 g. i»> weighed out, and to this is added exactly 0-5 g. 
of finely powdcrc'd pure tarthric acid ; this 'mixture is then added to ' 


the usual 10'g. of the peroxide. The addition of potassium per¬ 
sulphate, which Has been suggested as necessary for the combustion of 
hard coals and anthracite, is regarded by Lunge and Grossmann “ as 
superfluous and as the'sdurcc of discordant results. 


^ Z an^nt).tCknn.^ IQOI^ 14, 794 .ind 1270; I903, 16, Ql'r ; 1905,18, 1249. 
’ 1905, 18, 12)9. ( 
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The cover G having been placed in position, the pulley P is,attached, 
and the thermometer inserted in the cover, as shown in the figure. 
The turbine is then set in motion so that the pulley revolves clockwise. 

A speed of about 150 revolutions •per minute is kept up until the 
thermometer shows a constant temperature, which takes about three 
minutes; this temperature is lioted, and the motor is kept running at 
the "same speed till the (pnclusion of thi experiment. ' 

Ignition is effected by means of a mece of r^d-hot iron wire, 2-5 
mm. in diameter and 10 mm', long; a piece of this size should weigh 
about 0-4 g., and the samp piece cah'be used a good many times before 
+ts weight falls much below 0-4 g. Experience has phown that soft iron ' 
is more suitable for. the purpose than fiickel, copper, silver, or platinum. 

It does not melt, as the first three of these do, forming peroxides, but 
it becomes covered, when first used, with a hard, black, adhesive coating 
of the magnetic oxide, which'“protects it for a considerable time. 
Using the above weight, and at a temperature of say 700°, the heat 
introiluced by the iron amo'unts'to 0-4X0-l2 X750 = 33-6 calories, cor¬ 
responding to a tampcratuie ri.se in the calorimeter ofo°-oi6. As the 
readings are carried out to o°-ocis, a constant deduction, fixed at 0°'0IS, 
is made. The wire, held^ jointing downwards with a pair of bent 
tweezers, is headed to redness and dropped through N; N is then 
sharply deprcifsed with the tweezers,* 60 that the iron passes through 
K, without permitting any escape of gas through L. A hissing noise, 
lasting for several seconds, denotes the combustion of the charge, 
and the thernnmeter rises, at first rapidly, then more slowly; after 
• about four or five minutes the maximum temperature is attained, which 
rcjnains constant for about five minutes, when the reading is taken. 
The experiment is then finished. The motor is stopped, the thermo¬ 
meter, pulley, and cover are taken off, the vessel A, with contents, is 
taken out bodily, and the agitators hk are removed from D, which is 
taken •to.picccs and placed Mn a basin of warm water to dissolve out 
the c*ontents. On lufutralising the solution .so obtained, with hydro¬ 
chloric acid*the pr'e.scnccpf any unb'ufnt fuel can be detected; should 
any be present, the results are worthless. . 

Calculation of results, ^he water value of the instrument was r23-5 
g.; including the water, therefore, the tcAal value is 2123-5 g. Of the 
rise in temperature t'— t produced, 7 'beitig the f nal and t the initial 
temperature of^the calonimeter, 72-5 per cent, is regarded as due* to 
the combustion proper, an,d 27-5 per cjent. to the reaction»of the products 
of combustion with the sodium peroxide and oxide.* When i g. of the 
_Juel is iMrnt, as in the chse with lignite, the nujnber of calorics produced 
is thus 0-725 X 2123-5 (f'-f)=i 54 o’ (f'-f). "'K is simply necessary 
therefore to subtract o°-oi5 from the recorded value,/—/, on account 
of the heat iiftroduced b/ the iron wirc,pncJ to multiply by 1540; the 
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result gij'es the calorific power in centigrade units. With coal, only 
0-5 g. is used, so that the recorded tempci'ature diftcrence'is multiplied 
by 1540 X 2 =|'3o8o. It is necessary first, however, to "subtract the 
heating due to the combustion ofo-5 g. of tartaric acid, and that due to 
the iron; careful experiments have shown this to be o°-832. If the 
sodium peroxide contains an excessive'amount of moisture, as may be 
the case if a 'considerable quantity of perox/de is kept and frequently 
opened for use, the Jesuits^wiV come out'too high. It is then necessary 
to make a blank test, using o-^ g. of tartaric acid, and about two-thirds 
of a measure (about 7 g.) of sod'ium perojride. If the calorimeter 
temperature rises more than o°-832, it will be necessary, in future ust 
of this stock, to take such extfa rise into consideration, by allowing 
0°-i5 for every 0°-i excess rise 'obtained in the blank experimeftt 
(o°'i5 being, of course, the allowance for a full measure of 10 g. ef 
peroxide). 

Parr’s method of determining calorific power ip more convenient, 
cheaper, and far simpler in manipulatiort; than any of the profes.ses 
involving the use of a bomb, but it has certain obvious defects. In the 
first place, the combustion may be eithqr too violent or incomplete, if the 
proportion of added materials is not appnopriatcly adjusted ; secondly, 
the heat generated by the absofption of tlic water and carbon dioxide, 
formed in the combustion by th&kodium peroxide, has to be determined 
empirically for each instrument; and thirdly, the value of the coefficients 
given above does not hold for all kinds of coal, and still less for other 
fuels, such as lignite, petroleum, etc. These points have been specially 
investigated by Lunge and Offerhaus,' and by Lunge and Grossmann.'- • 
The latter conclude that the method is unreliable for coals havii^g. a 
calorific value less than 7500 cals. I'or coals having a higher calorific 
value, the method is of practical value, under the conditions given above. 
Both the coal and^the sodium 'peroxide must be finely powdered and 
intimately mixed, and the peroxide must be of good qual'ty. The 
heat value of the tartaric acid, together with thaV of the ignition wire, 
to be subtracted from /'-/ should be o°-832,, as given atovc, instead 
of o'’- 85 previously acaepted, and the coefficient should be 1540 
stated, in place of 1550 as formerly used. "The latter value holds, of 
course, only for a calorimctcr'of the water value 2123-5 when charged. 

Langbein discard^ Parr’s Jrrocess as altogether unreliable, but Lunge 
holds that this conclusion is uot justified. The instrument has been 
much u.scd by* engineers, but as^,27-5 per epnt. of the heat produced 
is due to secondaiy reactions, which percentage depends on the quality 
and treatment of the podium peroxide, and' there is anotht-r largg, 
corrective term depending on the'purity of the tartaric acid, the sodium 
peroxide calorimeter is not much used by chemists. 

^ Z. angew. Chem.^ 19*03, QII* “ Ihid.y 1249. 
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Combustion in Oxygen at Ordinary Pressure.— The earliest * 
determinati6ns of calorific value ^ere made with instruments of this 
type. Lavoisier and Laplace, in 1780, determined the heayoffipmbustisn 
in this way. Many forms of this Instrument have bc;sn described. 
Favre and Silbermann recognised that combustion was not complete, 
and modified the calorimeter tfe allow for this. Schwackhofer devised 
a still more complicated fjrm (^1884), but iince'that date there has been 
a tendency to revert to simplpr forms. If it^is reir<embered that owing 
to the necessity of using a glass containing vcSscl no accurate correction 
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• • • , • 

for cooling can be made,*a»id also that a small but indefinite amount of 
fuel escapes complete combustion, then the simplest typeconsistent-with 
efficient cooling of the combustion gases is the best, especially if the same 
instrument is used empirically after cjilibrjition with a coal of the same 
class and of calorific value known from combustion hi a bomb calorinY«ter. 

Gray's Calotiineicr. The instrumcn! ' de.scribec 1 b^ T. Gray is 
simple in construction, and has been* shown by Gra^ and Robertson * 
to give ^results within \ per cent, if standardised with coal of known 
ifeatir^ value. (See Fig.*i82.) » ^ 

The coal is burnt in a small platinum crucible supported on a 

' Made by Messrs Thompson, Skinner Ilawillon, Sguchichall Street, Glasgow. 

2 J. Soc. Ckcm . ImL , 1906, 25,^09. ^ I •' Ilnd .^ 1904, 23, 1704. 



346 


FUEL ANALYSIS 


metal ring in metallic contact with the metal base. The glass tube, 
6 | inches long and 2 inches diameter, sits loosely clamped on the 
perforated mc^cal base; the brass tube for supplying the oxygen passes 
through a th.'ck-walled rubber tube fitted to the drawn-out end of 
the combustion chamber and may be fitted in [josition by tightening 
the thumbscrew. Two upright brass tubes, joined above by a vulcanite 
crosspiece and provided" witll terminals, tran smit the current for" the 
ignition of the coal., The^e tiibes are in metallic connection with (he 
metal base, and through one'of them an in.sulatcd wire passes from 
the terminal to a short metal rod inJide the combustion chamber. The 
upper end of this rod and of the one supporting the crucible are on tf 
level slightly higher than the top of the latter, and are connected by 
means of a thin platinum wire which can be made red hot by th'e 
electric current. The perforated metal discs, which serve to break up 
the bubbles of gas passing through file water in the calorimeter, are 
made,to slide on the uprights so as to give access tathe crucible. I'or 
the determination of calorific value .'Ibout i g. of the coal is waighed 
out approximately, compressed into a _ briquette, end then weighed 
accurately. A piece of cotton thread is then tied round the briquette 
and the coal is transferred to the crucible and the cotton thread tied 
to the thin platinum wire connecting the two rods. The gla.ss 
combustion chamber with the Wass tube in the position shown in the 
illustration is placed on the .stand and fixed by tightening the thumb¬ 
screw ; a slow current of moist oxygen is passed through the apparatus, 
which is then immersed in the calorimeter beaker containing two litres 
of water, the temperature of which is r-5 to i'’'75 lower than that of 
the room. After an interval of ten minutes the temperature of.the 
water is read to 0°-0l, the oxygen current is increased so that a rapid 
stream of gas passes aitd the cotton fu.se is ignited by pressing the 
key which closes, the ignition circuit. When the combustion is 
complete the rubber tube connecting the oxygen supply 'lO the 
calotkncter is detached so as to allow the water to enter the' com¬ 
bustion chamber, and connccti'oh is agaiij .made' with ‘the oxygen 
supnlv to continue th« mixing, and the maximum temperature is 
observed. The appearance of unburnt tarty matter is an indication 
that the current of oxygen \tas not sufficiently rapid. The oxygen is 
passed through a w?sh-botfie c'ontaining water, to .saturate the gas, 
arAl the correct rUte is obtained by insertii-^ a T-Picce between the 
wash-bottle aild the calorimeter,,the upright, limb of the T dipping in 
a column of watL-r. The rate of flow of oxygen depends on 4 ho jet 
and the length of thij column. The corrpkt height of column ^ 
supplied, by the maker; The water value should in every case be 
determined from the mean of a number of combustions of an average 
coal of known calorific 'valpe. In a com^jarison of 'an instrument 
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of this type with the bomb calorimeter, Gray and Robertson '■ 
show that consecutive detirminajtions with the same coal vary by 
100 to 150 talories, or from i'5 to 2 per cent. If they instrument,is 
standardised with coal, the values ;rrc from 0 04 per cept. to i-l per 
cent. low. This represents the accuracy attainable in skilled hands; 
in inexperienced hands, if thb o.xygen is supplied too slowly with 
bittfrninous coals there 1 may be tarr> 
matter deposited, and with’ anthracit/e 
coals it is difficult to avoid unburnt carbon 
in the residue. . 

• The Bomb Calorimeter, —The first 
ealorimetric bomb - was due to Andrews, 

\Jlho used it for the determination'of the 
heat of combustion of hydrogen and 
oxygen. Later Bcrthclot adopted the 
same method for other comljustiblc gases, 
and fchen modified his instfiimcht so that 
liquid and solid substances could be burnt. 

This instrument was u.scd in a long scries 
of thcrmochcmical i^escarcju»s. The Iler- 
thclot bomb was made of steel, lined" in¬ 
ternally with • thick platinum foil,*tind 
heavily nickcl-platcd externally. Mahler 
replaced the platinum lining with enamel, 
and this lining is usual in the types of 
bomb now in use. I’arr dispenses with 
cno-sncl, and uses a special acid-resisting 
atioy in the construction of the bomb. 

The composition of the enamel used is 
not ar matter of jndifference ; some enatrfcls 
contaifliw; sodium sulphate a« a constituent 
have been used, and these alwaj.s give 
appreciable amounts of. jjulphatcs in the Fm. iss. 

bemb washings. This* renders such in- * 

struments useless for sulphur dctcrmjnations, and also'vitiates’the 
corrections for the calorific value. It has'been recently shown that the 
correction for nitric acid formed may also 6e disturbed by the extraction 
of basic sub.stanr,cs from i^ie enamel liniifg, although'this appears to'be 
most marked with a new bomb, and tq become negligible'after long use. 
Numerous types of calorimetric bomb are now obtainable: the one 
..shown ih Fig. 183, due to Kroeker,'^ has the advantage of also serving 
• • / 

^ y. Soc, Chfm. Jnd,, igoi, 23, 704. * 

^ Bestimmung nutzWen yerbrennungswarmc der ^BrennslofTe,» V(r. dfuU Ruben 
zuchrind., 1896, p. 177. i 
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for the determination of carbon and hydrogen (the latter only approxi¬ 
mately) and is widely used. The ^ody is of steel, of about 300 c.c. 
capacity, and ^ externally nickel-plated. The lid, made of bronze, 
carries two vglves, from one of ^hich a platinum tube, R, extends 
nearly to the bottom of the body. A third hole through the cover 
carries an insulated rod, the continuatifin of which, D, is of platinum. 
The platinum tube carries thl- capsule, T, of 'platinum or quartz, a(id a 
projection for conveniently holding the'fp.sewvire. Connection to the 
compressed oxygen cylinder is'made at Sj or S^, preferably the latter, 
^s there is ie.Ss chance of portions of the combustible being blown out 
of the capsule by the stream of incoming gps. It is not advisable tC 
burn a solid combustible in powdered form, as portions arc apt to be 
thrown out of the cup during burning. This may lead to incomplete 
combustion, with a corresponding deficit in the calorific value found*; 
and, a more serious matter, some of the material may be thrown out of 
the capsule and burn on the sides of the bomb and damage the enamel. 
Hence it is usual to compress the material into a briquette in a'small 
screw press. This briquette, after we^ghin^■, is placed in the capsule, 
T, the connections made to ensure firing, 10 c.c. of water placed in the 
bomb, and the head screwed on. A cyliifrler of c/ompressed oxygen is 
connected to So and the gas slowly admitted until the manometer shows 
25 or 30 atmospheres p’-essurc. .After disconnecting the oxygen 
cylinder, the screw, Sj, is replaced, and the bomb is then placed in the 
calorimeter vessel containing a weighed quantity of water (sufficient to 
make the water equivalent of the whole about 2500),‘c\bsence of gas 
leakage proved, the electrical connections made, and the stirrer fitted. 
The calorimeter vessel stands in a doublc-walied copper jacket holding 
about 25 litres of water, the temperature of which is assumed to remain 
constant throughout the'experiment. The calorimeter thermometer is 
usually divided te.G^-oi and readings made to o‘’-OOi C.. The stirrer is 
worked by a motor at a uniform rate (about 120 oscillations pe/' iii'inute), 
and as soon as the thermometer is .steady, readings are commenced and 
taken at one-minute intervals. The fuse is fired at the fifth minute and 
readings continued for-fiftecn minutes in all. The readings may be 
conveniently entered on a form similar to’that on p. 349. 

The calculation of the terms 0 , v, nv, S( 0 ), + 

be made during the intervals' between the readings, and the remaining 
terms can be wbrked out ill two or three minutes. The cooling 
correction is based on the Regnault-Pfaundler formula :— 

■I ., 

Correction = «z’-f-~“^[S(0)-|-J(.%-f-05)-«0] " i 

in which n is the number of time intervals in thr? chief period (five in 
the example given),r; and 0' 'he rates of coqling in the preliminary and 
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after periods respectively, 0 and 6 ' the mean temperatures' of the 
preliminary <ind after periods. 


Date : 2jri\ November i'ji4. 
Number: 5S5 B. 

Substance: Oil. 

Ash: —. 


lVo]iminary rerun!. 


C.ipsule l-fuel - 7‘b7G0 g. 
Capsule -*7*0200 g. 


VVciglit 


Teuiporature. 

0*020 

o-ooo 

0 * 0:50 

0*007 

0*041 

0*015 

o*o ;}.5 

• O-OOiJb 
0*010 • 


, Clnef I’cnui]. 


"0'S."i50 g, 

./ 


'riieimoiTuyer; No. i. • 
Temperature (final): 15*0. 
W.itcr : 216^1 g. 

: 2500 g. 


CrOj 

7 0., 

S 1 /. 

9 0 ^ 

(;/) 

- //O 

s 


'J'ciiipeialiu 

i 

2*00 
3*47 
.‘ 5 *rD 
3 599 

12*67 
- 1 *82 
0-17 

• .. M'32 


Tinfo 


10 
11 
12' 

13 

I'l 

If) 


3*508 
3 *.591 
3*590 
3*586 
3*583 
8-57« 


O' ■ 


.588 


0 ■ 


! 0*0040 
•f 0*0078 
t)-' " ii 


4 0‘0022 


Cooling (oiieition «7' I XS • - 0*019 i 0*0;»11— i 0’0124, 


C 3 - 598 ;' 

Uncorrected il^t 


'rhread 
Cooling 
Nitric add 
Sulphur 
Total corret'ti 

Corrected rise 




+ 0'007" 
= 3'[1(>0” 


* o.'ihbr 
•1 0*0069" 
O-OOOO" 

! a*oo(i 9 '' 

■ 0*0079'’ 
H-0*01*24'' 
•• 0*0018' 


r,.;c per gun, - 

li --I’lCl'' 

R •< 2500 • 10,410 cal. pet gun. 

R \ 4500— 18,740 B.'r.C. per pomuJ. 


For ignition fine wires of iron, nickel, or platinum have been used. 
Iron’is objectignablc, as the molten globules of feitric oxide perforate 
the enSnKl (It platinum lining. Fine platinum wire (-002 to •tX 52 5 inch) 
is preferable; it mayTjc embedded^n Jhe briquette (Ilcmpel), or,'fnorc 
simply, a measured Icnjgl^of cotton thread may be tied round the wire 
and the end placed in contact with tlic fuel. Tlie heat, of comb'i>rtjon 
of the thread is allowed fo? as above. , 

For further details regarding calorimeter corrections, see G. N. Iluntly, 
“ The Accuracy obtainable in Fuel Calorimetry,”.^ and “ Corrcctio.us in 
Bomb Calorimetty.” - Acfiabatic calorimdters, in which the correction for 
cooling is abolished, have been dc.scribcd by Richards, Henderson, and 
ForbeS;-^ Richards, Henderson, and Frevert; * Bencdlkt and Higgins;'’ 
•oind J. A. Riche.“ *. , .. 

^ /. Sor. 1910, 29, 917. Aiia/vsly 1915, 40, 41. ■> 

^ Z.physik. Chetn., 1905, 52, 551. ■* /.physik. Chem., 1907, 59, 532. 

° J. Amer. Chem. Soc.^ IQIO, 3^1 461. “ ./j Auier. Chem. Coc.y I913, 35, 2747 
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The extermination of the water equivalent of the bomb is best made by 
standardising with substances of known dalorific value. Kenzoic acid, 
c^ne-sugar, or^naphthalene are usually employed for this purpose, and of 
these benzoic acid is preferable. • In the United States the Bureau of 
Standards issue a benzoic acid with a stated calorific value, but, up to the 
present, no corresponding standard suMstance for standardising bomb 
calorimeters lias been issued fn Great Britaint A comparison of various 
samples of benzoic qcid of German and tpglfeh origin, however, has not 
shown differences greater than J)-2 per cent, from the American standard.^ 
^ The value'furnished by the calorimeter is the so-callcj gross calorific 
value. This is a direct experimental figure : ^thc act value or lower valeK: 
is obtained by deducting from the gross value a figure depending on the 
percentage of hydrogen present in the fuel. If the products of combus¬ 
tion escape at a higher temperature than lOO" C, the water escapes sfs 
steam, and the deduction corresponds to the latent heat of vaporisation 
of the., water formed. Unfortunately; thc|;e is no gotieral agreement in 
the definition of the “net value”; tHc Institution of Civil Engineers 
gives the following; “The net calorific, value used ifor calculating the 
boiler efficiency will be the gross valucf less the latent heat, reckoned at 
1055 B.T.U. per lb. of the water conclensecl;f[om thp products of combus¬ 
tion by cooling to Co'’ F., and can'be found from the following formula;— 
Net calorific value per lb. offuek= gross calorific value rliinus 1055 (lbs. 
of moisture per lb. of fuel -f 9 X lbs. of hydrogen per lb. of fuel)”—the 
contents of the bracket representing the lb.s. of water vapour produced 
per lb. of fuel. Until an international definition of the not value has 
been agreed upon, the use of the gross value only is preferable. 

Corrections for Nitric Acid and Sulphur. During the coinbustkin 
in the bomb any sulphur in the fuel is converted in^p sulphuric acid; 
some nitric acid is also fCund in the washings from the bomb produced 
from nitrogen presisiit in the oxygen and from nitrogen in the fuel. It 
is conventionally assumed that no nitric adid is produced whor; fhe fuel 
is burflt under a boiler, and that tl^e sulphur, whfcn burnt in air at the 
ordinary pressure, escapes as sulphur dioxidp.- lienee an approximate 
estimation of the amoants of nitric and sulphuric acids in the bomb 
washings is made, and the corresponding ^all deductions are made 
from the observed calorific* value. The nitric acid neutralised by 
I c.q, of decinormal alkali re'prcscnts 1-43 calories, and for each i per 
cent, of sulphur irf the fuel a Weduction of 2t-^ calories represents the 
extra amount* of heat found in. the bomb combustion due to the 
conversion of gilseous sulphur dioxide into dilute sulphuric acid. 
An alternative mode of applying these corrections is givch in the. 

^ The value for lieat of combustion of benzoic acid is CjZQ + 2 culoiies per 

gram (at 20®) in air ^ 6324 calorj^es at 13® since I calorie at 13“ — *9992 faloric at 20°. See 
Dickenson, Bull. Bureau of Standards, 4314, ii, 243. 
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example; for a water equivalent of 2500 the amounts of sulphuric 
and nitric atids, expressed as cubic centimetres of decinormal alkali, 
can be reduced to degrees and taken off as shown. , 

The quantity of nitric acid and of sulphuric acid produced may be 
determined volumetrically. The bomb washings, which are heavily 
charged with carbon dioxide, must be freed from this by prolonged 
boilfng, and the hot liquid.titrated with definor.nal baryta, using phenol- 
phthalcin as indicator. The volume of baryta taken represents the sum of 
the two acids. An excess of decinormal; odium carbonate is now added, 
the solution gently boiled down and allowed to stand, filtered, and the 
9 KCCSS of alkali in the filtrate titrated with decinormal hydrochloric acid.'^ 
As an example, the bomb washings from the combustion of l OOl g. of 
cT>al, after freeing from carbon dioxide, took a volume equivalent to 15-2 
».c. of decinormal baryta; 20 c.c. of decinormal sodium carbonate was 
then added, the liquid boiled down to about half its volume, filtered and 
washed. The filtrate took ii'2 c.c, of decinormal hydrochloric acid to 
ncutr-alise to methyl orange. "Ilcncc the nitric acifl took 20'0— 11'2 = 8'8 
c.c. The sum for the two acids .vas I5’2 c.c. lienee the sulphuric acid 
took 6-4 C.C., and the sulphur is Cv; x ■00l6 = 0'0i02 g. or i'02 per cent. = 23 
calories ; nitric acid correetjon 8-8 X i -43 = 12^6 calorics ; total to be sub¬ 
tracted, 36 calories. A better method, if an accurate figure for the sulphur 
is required, is tfj add a measured volume of decinormal sodium carbonate 
in excess, boil gently down to a small volume, filter, wash, and titrate 
the excess of alkali with decinormal acid. The sulphur is tlien precipi¬ 
tated in the u.s''fjal way with barium chloride. 

Heavy oils and non-volatile liciuids may be safely burnt in the open 
cup; but special methods must be adopted for volatile liquids. One 
method, used by.Berthelot,^ is as follows. A small test-tube is dipped 
into liquid collodion, which is allowed to dry partially one or more 
time.s until a cc^herent bag of collodion Is formed ou 4 side the tube ; this 
is dij^Jbd* into water and the bag removed and allowed to dry. The 
bottom is then cut (fff and the cojlodion cylinder fi.xed to the irpper 
portion of flic platinum .^ip, using a little liquid collodion as cement. 
After gently drying, the mouth of the bag is dr.-iwn together with a thin 
platinum wire and the whRle then wcigjietl. The liquid is introdticed 
with a fine pipette without wetting the collfidion cap, the bag closed with 
the wire, and the whole weighed, placed inthe bomb and.the combustion 
’ carried out in th« usual manner. Alteriicftivcly, the liiliuid may be sealed 
in a glass tube. The technique is deycate, and for full details reference 
may bb made to papers by T. W. Richards and H. S. bavis,- W. A. Roth 
..«nd H. ^Vallasch,■' and T, W. Richard^s and R. J-I. Jesse.* 

• * j 

^ Triiih'prnfir/Uf’ de Caloi-iinHnr Chxmujuey 3 nd edition, p. 270. 

■ /.Amrr. CJu-u:. .Vii,', 1917,.39, 341-354. ' Annalen^ 1915 , 407 , 134- 

■* J. Am/r. Client. Add., IQIO, ^2, 26 S. • 
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The Calorific Value of Gaseous Fuf,l» 

t 

. The calorific value of power gas or illuminating gas can be 
calculated from the calorific valuis and proportions of its constituents, 
but the method involves a complete gas analysis, and is unsatisfactory 
for coal gas, since the calorific value of^'the “ heavy hydrocarbons,” the 
highest per unit volume,'is nAt exactly know/.. 

For power gas (Jprodu(;er Vas, generator “gas, water gas, etc.), this 
objection applies with less force, and frequently where a small gas 
^ample has to-be carried a considerable distance this is the only method 
available. In Great Br'tain, under the Gas Regulation Act, 1920, 1 ! 
standard illuminating power has been abolished, afid gas is now to be 
sold by the therm (100,000 British'Thermal Units), and it is probable 
that the sale of gas by therms instead ,of by volume will become genera*! 
in all countries. 1 

A .great deal of ingenuity has been .spent on 'the design ot gas 
calorimeters. J. H. Cpste, in his work on 'J 7 /c Calorific /’ower of Gas, 
gives a description of about twenty, abd this numbur might easily be 
doubled at the present time. The Junkers calorimeter, described in 
detail in the last (1908) edition of this book, is-largely used on the 
Continent and in America, (t will be sufficient to describe the 
instrument generally in use in 'Grqat Britain. 

Boys’s Gas Calorimeter.' —This apparatus'- is prescribed by the 
Metropolitan Gas Referees (1918), for testing the calorific value of 
illuminating ga.s. It has been designed with the object of providing 
ample space for the circulation of the stream of gases, so that they 
pass slowly and freely through the instrument, and are thus effectively 
exposed to the cooling surfaces. The water content of the instrument 
is reduced to the smallest quantity, so that the outflowing water attains 
its steady temperrture very quickly after the gas i.s lighted. The 
whole of the circulating water takes thb same course t^onfinupusly, 
being, debarred from any paralle,' or alternative routc§. and thus 
unequal heating and the attendant irregulority of the temperature 
at ih.e outflow, are avoided. The small content of water suffices to 
abstract the whole of the heat from the sfowly travelling stream of 
gases, owing partly to the avoidance of parallel routes, but mainly 
by reason of its flow through a pipe of small diameter, the heat- 
coliecting power of which is' greatly increksed by -attached wires. 
The calorimeter is shown in vertical section in F'ig. 184. It consists 
of three parts, which may be separated, .or which, if in position, may 

^ Roy. Soc. Proc.y 1906, 77,/[A], 132; and Notification of the Gas Referees, 11 ,M. 
Stationery Office, 1918. The desciiplion whicli follows is largely taken front* the latter publica¬ 
tion, by permission of the Controller of II.M. Stationery Office. 

^ Made by Messrs J. & J. Giiffih, Ktjinble Street, Kingsway, London, W.C, 
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be turned relatively to one another about their common ajjls. The 
parts are (i)*the base, A, carrying a pair of burners, B, and a regulating 
tap. The burners are made of steatite, and they are carried upon a 
head and tube V, also made of steatite, and circular ii< cross section. 
The upper surface of the * 

base is covered with a bright < 
metal plate, held in place^by 
three centering and lift,;ng' t 
blocks, C. The centre of‘ 
this plate is perforated ^and 
carries a ferrule, VV, over 
which is slipped q tube'of 
fibre, X, as shown. A recess 
b inches in diameter and J 
inch deep is turned out of 
the base, and a disg of felt, Y, 

5l il'^fhcs in diameter and 
inch thick, and perforated i,n 
the centre, is fastened cen¬ 
trally in the reeess. Si.v, 

A-inch holes, Z,* arc drilled 
from the corneit of the recess 
to the groove in the base. 

The blocks, C, arc so placed 
as to carry (2) the vessel D, 
which must rest upon the hori- 
i'oiital portion of the blocks 
and be centred by their up¬ 
turned ends. 'This vessel 
is pjovided with a central ^ 

coppeiic|jimney, 1 C, and a con* 
densiAl water outlet, li. It is 
jacketed wHh felt", R, jrro- * • rw. is4. 

tected by a sheet of incfa* S. , 

In order to prevent ob.stru*tion of the flow of condcnsecTwatcr fromfhe 
outlet, I*', a small dimple is punched in tfic»outcr casing on cither side of 
the outlet, F, so as to project inwardly*aboat inch. Resting upon the 
run of the vessel, D, are (3^ the e.sscntial p.'wts of the cajorfmeter, att 5 cfw:d 
to the lid G. At the centre, where the outflow is situ'itcd, there is a 
brass tjox, which acts as a temperature-equalising chagiber fur the outlet 
water. .Two dished plates of thin brass, K, are held in place by three 
scrolls of thin brass, L, L, L. The lov\^r or pen'dent portion of the box is 
kept cool by water, circulating through a tube which is sweatfed on to 
the outside of the bell. Connected to th^ water chanilel at the lowest 
• • z 
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point, bjf a union, are six turns of copper pipe, such as is used in a 
motor-car radiator, of the hind known as'Clarkson’s. In this, a helix 
of copper wire threaded with copper wire is wound round Ihc tube, and 
the whole is s^’eated together by/immersion in a bath of melted solder. 
A second coil of pipe of similar construction, surrounding the first, is 
fastened to it at the lower end by a cinion. This terminates at the 
upper end inta block, to which the inlet water box and thermometer 
holder are secured by a unioji, as showA at O. An outlet water box, 
P, and thermometer holdei' aift similarly secured above the equalising 
chamber, H. . The lowest turns of the two cojls M N aie immersed in 
‘the water, which in the fir.st instance is put into the vessel, D. 

Between the outer and inner boils M N is placed.a brattice, Q, made 
of thin sheet brass, containing co'.'k-dust, to act as a heat insulator. 
The upper annular space in the brattice is closed by a wooden ring, 
and this end is immersed in melted rosin and beeswax cement, to 
protect it from any moisture which, might condense upon it. The 
brattice is carried by an internal flange,' which rests upon the lower 
edge of the casting, If; A cylindricali wall of thin sheet brass, a very 
little smaller than the vessel D, is secured to the lid, so that when the 
instrument is lifted out of the vessel and placed upon the table, the 
coils are protected from injury. The narrow air-.spacc between this 
and the vessel D also serves to "prevent interchange of heat between 
the calorimeter and the air of the room. 

The two thermometers for reading the water temperature.s, and a 
third, U, for reading the temperature of the effluent gai>es, are all near 
together and at the same level. The thermometer, U, for finding the 
temperature of the effluent gases is supported as shown in Fig. iK.pby 
means of a cork and an open spiral of wire, so that the bulb is a short 
distance above the circulating coil, and with its stem passing through 
that one of the five holes provided for the efiluent gases which is opposite 
the inlet water box as shown. The lid iixny be turned ro,und„ii,to any 
position relatively to the gas inlet and condensed water drip that may 
be convenient for observation, and the inlet and outlet water boxes may 
themselves be turned so that their branch tubes point in any direction. 
A Wood shield, T, made in two halves, se’rves to protect the outlet 
water box from loss of heat. ^The general arrangement of the apparatus, 
as set up for a test, is shown in Fig. 185, the gas being first passed 
thfou'gh a meter and balance governor before bping led to the 
calorimeter. The gas supply is connected up to the central tube 
at the back of the meter and thence to the governor, preferably by 
means of tin or composition piping. The /pipe leading f.om the 
governor should term-inatc in a‘’tap with a nozzle, to which a' short 
length of rubber tubing is attached for connectir^j to the calorimeter. 

A regular supply of \ 4 ater is maintained by connecting one of the 
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two outel, pipes of the overflow funnel, shown in Fig. 185, to a small 
tap. The overflow funnel is fastened to the wall about i ihetre above 
the sink, and the other outer pipe is connected to a tube, in'which there 
is a diaphragm'vith a hole 2'3 mm.iin diameter. This tube is connected 
to the inlet pipe of the calorimeter. A piece of stiff rubber tubing, 
long enough to carry the overflow wat®r clear of the calorimeter, is 
slipped on to file outflow branch, and the Winter is turned on so that 
a little escapes by thi^ middle pipe of the''overl(low funnel, and is led by 
a third piece of tube into the syik. The amount of water that passes 
^ough the.calorimetcr in four miniltes should be sufficient to fill the 
graduated vessel shpwn in I'dg. 185 to some point above the lowest 
division (1600 c.c.), but insufficiedt to come aliove tlie highest division 
(2400 c.c.) in five minutes. If this is not found to be the case, if 
moderate lowering of the overflow funnel or reaming out of the hole' 
in the diaphragm will effect thc^ necos.siiry correction. Before altering 
either adjustment, air bubbles should be removed from the rubber tube 
connecting the overflow funnel to the 'calorimeter by blowing at- the 
water outlet tube. The overflow funnel' should be pnovided with a lid 
to keep out dust. 

The (centigrade) thermometers for reading the temperature of the 
inlet and outlet water arc divided into tenths of a degree, and are 
provided with reading lenses, whi'lh slide on them. The'thermometers 
are held in place by corks, fitting the inlet and outlet water boxes. 
The (Fahrenheit) thermometers of the wet and dry bulb hygrometer 
placed near the in.strument, and the fFahrenhcit) thc'/mometcr for 
taking the temperature of the effluent gases, are divided only into 
degrees. 

The flow of air to the burners is determined by the degree to which 
the passage is restricted it the inlet, at the outlet, and at the base of 
the brattice. The Ijlocks C (Fig. 184) which determine the restriction 
at the inlet arc made of metal inch thick, while the hoUs ro’-mvl the 
lid which determine the restriction at the oullct art; five in number and 
are |j inch diameter. 

The calorimeter shoi’ld stand on a table by the side of a sink, so 
that the condensed water and hot water outfcts overhang ami deliver 
into the sink, as shown in Fig. 185. A gla.ss vessel is provided of the 
size of the vessel, D, which* should be filled with water, in which 
sufficient sodium carbonate is 'dissolved to make it dc,finitely alkaline. 
The calorimctcv, when not in use, is lifted out of its vessel, D, and 
placed in the alkaline solution, and left there until it is again reejaired. 
The liquid should not come within 2 inches of the top of the vessek 
when the calorimeter is" placed in it. The liquid must be replenished 
from time to time and its alkalinity maintained. 

The measuring vessel;'sf«own in Fig. 185, carries a change-over 
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funnel, which is placed beneath the short tube attached ti* the hot- 
water outle’t. One side of* the fijnnel delivers into the sink, and the 
other into S. tube, which directs the water into the vessel. . 

Full details for carrying out a Wist are given in tlife. Notification of 
the Gas Referees for 1918. 

With the Boys’s calorimeter, as with all continuous flow calorimeters, 

the gas is necessarily measured with a wet experimental meter, and the 

accuracy of the determiriatinif depends mainly 013 the care with which 

the meter is maintained in correct adjustment. The position of the 

thermometer in some types of wet gas meter is faulty, :md this n*^ 

^ive rise to an error of p-S per cent, on the volume measurement. * 

Recording Calorimeters.— A number of calorimeters which give a 

continuous record of the calorific value of a ga.seous fuel arc on the 

' market. An extremely ingenj,ou.s apparatus has been designed for 

this purpose by Prof C. V. iToys.^ . 

• » 

. * * 
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■ SULPHURIC ACID, AND OTTRIC ACID 
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Ily J. T. Dunn, D.Sc., I'.I.C., Coiis^illing Chemist, Newc:isLle-on-Tyne, 
and the late Professor G. LUNGI! 

SULPHUROUS ACID 

Formerly sulphurous'acid was produced almost entirely for'con¬ 
version into vitriol by the lead-chamber process; to-day it is made 
in considerable quantity in connection with the sulphite-cellulose 
industry, and to a lesser extent for conversion 'into liquid sulphur 
dioxide. On this account it is Recorded separate treatment. 

RAW MATERIALS 
I. Sulphur (Native Sulphur) 

Sicilian native sulphur is shipped in the form of blocks, each weigh¬ 
ing from 28 to 30 kilos; owing to the friable nature of the sulphur 
these blocks are usually shattered during transport into lumps of 
varying size and tc.-ome extent'to powder. The best quality (“ firsts,” 
“ prima Lercara” or “prima Licata”) coiHists of large, shining'pieces 
of artrber-yellow colour. The second quality ('‘seconds,” “seconda 
vantaggiata ”) is also of a good yellow colour, Iiut not quite so brilliant 
in appearance.. The bulk appears in commerce as a third quality 
(“thirds,” “terza vantaggiata”);, its colour is clull and not pure yellow. 
Nevertheless the ash is frctpiently as low as 1 per cent., and .seldom 
exceexls 2 p;r (^ent.; .in exceptional cases it may rise to 4 per cent, 
or Vnore. The foilrth grade fs of a greyish-'j'ellovv colour, and may 
contain up to* 25 per cent, of earthy matter. “Zolfo ventilato” is 
sulphur which has 'been ground, separated by an air blast, and sieVed. 

Commercial Sicilian s'llphur coptains only .very small quanfities of 
volatile niatter and of bithmen, and generally is free from, or contains 
only traces of, arsenic and selenium. The sulphur-from the Solfatara 
at Naples, which Phipson fouAd to contain i'm62 per cent, of arsenic 

8i8 
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and O'164 per cent, of selenium, is of no importance as a ccjmincrcial * 
product. Lbuisiana sulphup sometimes contains petroleum. 

The degrte of fineness of ground sulphur must be determined when 
the sulphur is intended for application in vine cultureyto destroy the 
grape-disease O'idimn. This examination is effected by means of 
Chancel’s showniin P'ig. 18C. The sulphurimeter consists 

of a cylindrical glass tubf, 23 cm. long and .15 mm. dtametcr, sealed 
below, fitted with a glass ,stopj<cr above, and graduated from the bottom 
upwards into 100 degrees. Each degrej equals | c.c.; the 100 degrees 
(25 c.c.) occupy a lengtl; of 100 ihm. The ground sulphur is shal'if^n 
•ith ether in the tube, and allowed to settle, when jt forms a layer the”" 
height of which baars a relationship *to the •fineness of the grinding. 
The sulphur to be examined is first passed through a 
•sieve of i mm. mesh, in order to break down the lumps 
formed during storage. Five gt of thc^sieved .sulphur are 
placed in the tube, which js then half-filled with anhy- 
droue ether as nearly as • fjos.sible at a temperature of 
I7"’'5. The .sieve*! sulphiw in ithc tube is bAken down 
still further by thorough shaking, after which ether is 
added until the level st.-^nds 4 mm. over the looth 
divi.sion; the w^iolc is again well shaken and the tube 
then fixed •in a vertical position. When the .sulphur layer 
has come to rest, its [wsition on tlic scale is read off; the 
reading gives the fincne.ss in “ Chancel degrees.” As a 
rule, ground .uilphur .shows 50" to 55", finer qualities 70' 
to 75”, Zolfo ventilate 90° to 95". F'or use in viniculture, a 
mhiimum of Oo" and frequently of 75 Chancel is demanded. 

According to II. Fresenius and 1 ’. Beck,’ the dimensions 
of the sulphurimeter are of importance and irrust be exact; 
they recomm^'iid the instrument mAle by J. (^reiner, 

Munh, 4 i» This differs in iiu dimensions from the French instrument 
described above; tte length of the tube to divi.sion 100 is 175* mm., 
the length* of the strai^lit portion b’etween 10° and too' is 154 mm., 
and the internal diameter 12-68 mm. The eUier emjfioyed should be 
di.stilled over sodium, and all disturbance should be avoided tiftcr the 
.shaking, the instrument being immcclirrtcly clamped in a stand and 
immersed in water at 17°'5. ‘ * , 

It may further be necessary to dctcicnine whetl'arr the fine sulphur 
intended for vine-dusting is really ^flowers of sulphuiy or whether it 
consists of a mixture of ground sulphur with flowers of sulphur. This 
■is besf done by micr«scopic examination, t)ie ground sulphur being 
disthiguished^by its crystalline appearance from the partially amorphous 
flowers of sulphur. , The method is not, however, absolutely trustworthy, 

* J • * 

* Z. anal. Chem.^ 42 , 21. 
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since flo\['er.s of sulphur change in course of time almost completely into 
the crystalline condition (Alpha sulphur).' The jrartial irisolubility of 
flowers of sulphur in carbon bisulphide may also be entployed as a 
qualitative tes\'-, but with old samples the percentage of insoluble 
sulphur may' occasionally be very slight. This reaction cannot be 
applied as a quantitative method, since the ratio between .soluble and 
insoluble sulphur varies considerably even ip freshly prepared flowers 
of sulphur. ' 

Fonzes-Diacon ^ separates ^the sulphur into ^resii (retained by a 
lOO-mesh sicye), coarse flowers (passing lOQ-mesh but retained by 
'’^o-mesh), and fine flowers (pa.ssing 240-mesh), and determines thru 
percentages insoluble in carbon disulphide in the jfirsi'/ and in the coarse 
flowers. In pure sublimed samplcs“the ratio of the first to the 
of these is alway.s less than unity (whether fresh or old, since any change 
on keeping affcct.s all portions equally); but the addition of 20 to 25 
per cent, of ordinary ground sulphur raises the ratio above unity. 

Opinions differ very considerably as to whether ground sulphi'.r or 
flowers of .sulphur is tile more efficient in ' viniculture. H. Fresenius 
and Heck recommend ground sulphur, maintaining that it adheres more 
firmly to the leave.s than does the amorphous varjety. In France, on 
the other hand, flowers of sulphur is preferred, owing fo its finer state 
of division, as compared v\ith thf''ground sulphur (which is frequently 
employed on account of its cheapness), and also because of the very 
active destructive action of the adhering acid on the oidium. 

The chemical e.xamination of native sulphur includes* the following 
determinations;— 

1. Ash. —This is determined by burning off about 10 g. of sulphur 
in a tared ].)orcclain crucible and weighing the residue. 

2 . Moisture,—In the ca.se of lump .sulphur this determination is 
frequently unnecc.sspry, but it should be made if aijiUlteration- by 
spraying is .su-spccted, or if the sulphur dias been expoiicd .‘■s’ rain. 
The estimation is, however, always misleading, ow/ng, on the one hand, 
to the difficulty of obtaining a genuine average .sample, and on the 
other hand to the loss ,of moisture which almost inevitably occurs in 
breaking down the sample to suitable finehess for laboratoiy work. 
The sample should not be crushed further than to a coarse powder, and 
this should l}e done ^s speedily as possible. At least 100 g. should 
be iaken for the (wtimation. '-In the case ofiground .fulphur, it is of 
course much easier to obtain an average and more finely divided 
sample. According to Fresenius and Heck, the drying operation 
should only occupy a short time and the temperature shou-ld not 
exceed 70°. 

Difficulties in the moisture determination arising from the presence 

’ Ann, Falsify 1916, 9,V33 ; /. Foe. diem. Iml, 1917, 36, 333. 
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of gypsum have been experienced by F. I?. Carpenter' in the nkamina- 
tion of Mexican sulphur. He consequently recommends making the 
estimation b^ drying the sample in vacuo over sulphuric acid. ^ 
portion of the sample is freed frorr* gypsum by boili/i^ with dilute 
sulphuric acid, the residue dried and weighed, and the contained 
sulphur estimated, either by burning-off or by solution in carbon 
bisifiphidc (cf. infra). , 

3. Bituminous substances/ —Any appreciable quantity is evidenced 
by the bad colour of the sulphur, but in ^most commercial sulphurs the 
amount present i.s too small to 'render a determination-ncccssa::j^ 
f-mlphur recovered from gas residuals is, however, frequently quite ’’ 
black from the presence of this impuritj^. 

•■•il. Fresenius and Beck drive off the sulphur by heating 10 g. to 
'slightly over 200", weigh the residue, ignite for ash and re-weigh, and 
regard the difference between fhe two weighings as representing the 
organic matter present. , 

Arsenic —This impufity may occasionally occur in very minute 
quantity in Sicili»n sulph«r, _tB a greater eXtent in the Solfatara 
sulphur (see p. 358), and especially in sulphur recovered from pyrites or 
from alkali-waste. Jlie arstnic may be present either as arsenious 
sulphide, As^Sj, *or as arsenious oxide' As^Oj; exceptionally also as 
calcium or iron* ar.scnite. J. T. Conro’y (private communication) finds 
the sulphur recovered from alkali-waste by the Chance-Claus process 
particularly free from arsenic ; tested by the Hager method, only very 
minute, '■nd 0 mbtful traces arc indicated. Sulphur recovered from 
pyrites docs not show such freedom. 

For a qualitative examination for arsenic, Hager’s methotH may be 
employed, li is.carried out by shaking l g. of sulphur with 15 drops 
of ammonium hydroxide and 2 c.c. of water, filtering after half an hour, 
and adding to ^hc filtrate contained in fi tc.st-tubc qo drops of hydro- 
chloric'sfid aiJid 15 drops of A solution of o.xalic acid. A strip of clean 
brass is then placed iif the solution and this is warmed to a tempeperture 
of 60° to 100"; in tlie presence of arsenic an iron-coloured to black film 
forms immediately on tCe brass. A blank test .“Jiould always bc^mai)e 
with the reagents used, an® to ensure qniformity of temperature It is 
advantageous to heat the two test-tubes %idc by side, in a beaker of 
water. * , ^ 

Sulphide and.oxide of arsenic may be extracted* by digesting the 
sulphur with dilute ammqnia at 7o"_to 80“; they rermfin behind on 
evaporating the ammoniacal extract. It is better, however, to add exce.ss 
eff hydrcSchloric acid to the ammoniacal extract^nd then precipitate by 
saturation witl^ sulphuretted hydrogen ; any arsenic originally^ present 
.as As.^S 3 naturally co;nes down before passing in the gas. The arsenic 

* i * ' 

* J. Soc. Chtm. Ind., 1902, 21, 8}2. _ ■’Pharm. Ctti/r., 1884, 265 and 443. 
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present'lis best estimated by Schappi’s method/ which consists in 
exactly neutralising the ammoniacaj solution with nitric acid, diluting, 
apd then titrating with yV/10 silver nitrate solution, iisinj! as indicator 
neutral potassium chromate, which is coloured brown by a drop of the 
solution after all the arsenic has been precipitated. 

The salts of arsenious acid remaiti in the insoluble residue on 
extracting suiphur with carbon bisulphide); this residue must* be ' 
digested with aqua pegia and examined'for arsenic in the usual manner, 
as is described more fully undyr “ Sulphuric Acid ” (p. 433 ct seq). 

^ 5. Selenium may be detected 'by oxidising the sulphur, best by 
deflagrating with nitre; on dissolving the melt in hydrochloric acid afld 
treating with sulphurous'acid, selenium will, if present, be precipitated as 
a red powder. ' ■' 

In America, according to Reed,',the examination for selenium ih 
carried out as follows:—0 5 g. (if the sulphur is boilcti with a solution of 
0'5 g.,potassium cyanide in 5 c.c. of wsiter,/.hc solution filtered, and the 
filtrate acidified with hydrochloric acid ; after standing for an hour no 
red coloration due to selenium should fesuR. A palii; yellow coloration, 
due to perthiocyanic acid, may be noglectcd. The test is made still 
more sensitive by boiling i g. of the sulplw( fur aq hour with a solution 
of 2 g. of potassium cyanide, then adding a further 0’5 g. potassium 
cyanide and continuing the boiling for half an hour. A'hyiron present 
will, of course, react with the thiocyanate formed. 

For methods of determining minute amounts of selenium in sulphur 
or pyrites, see Klason and Mellquist® and Smith.' ‘' 

6. Determination of Sulphur.—Macagno^ recommends the direct ' 
method of extraction with carbon bisulphide, and has calculated a table 
for this purpose. The method has been investig!|tcd by Pfeiffel'" 
and the specific gravities involved determined with considerable 
exactitude. To estimate sulphur by this process, a wjdghed ([uantity 
of the powdered .sample i.s shaken in a wclF-.stoppered bottfc witlT.it least 
fourtimes its weight of pure carbon bisulphide, a'ceurately weighed, and 
the specific gravity of a clear .sample determined at a known tempera- 
tqre C+ '5 C. pnd higher). 

The specific gravity thu.s determined is it necessary reduced to that 
at I5°C. by means of the foAnula: 

*0 • f ’i 1 o . . ' 'V (it ht , 

• bncciac tfrcivity at it; ^spcc. urav. at t k 

^ ^ ^ ^ ^ ^ I l-ax f5-p/;x 15-^ 

where 17 = 0001 ^98 and /’ = ooocoot370. 

* Chem, Intl.^ i88l, 4, .^og, ChetA', ZeiL Rfp., 1897, 2I,'i!52. 

'* Z, ani;ew, Chtm., igia, 25, 514 ; /. i’oe. Chevi. /nil., 1912, 31, 331. • 

'■ jMmi. En^, Chem.^ 1915, 7, 849 ; /. Soc. Chem. Iml.^ 1915, 34, I096. 

° C/i/w. A^wvl88l, 43, 19^. , ' ^ 

® Z. anoyg. Chem.^ 1897, 15, 194 ; also, P. Fuchs, Z. 'angew, 1898, II, 1189. 
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The percentage of pure sulphur in the sample examined is deduced 
from the fornlula; • , 

where— 

a = the weight of sulphur dissolved by lOO g. carbon bisulphide, accord- 
• ing to the following table, , ■ 

^ = 1110 weight of carbon bifulpljide used in the extraction, 
c = the weight of substance. 


Sjtecific gravities of solutions of Sulphur in Carbon Bisulphide 
with the corresponding weights ‘of Sulphur dissolved by loo 
• >parts by weight of pure Carbon Bisulphide at 15 C-, compared 
t with Water at 4° C. 


Hpenlic 

i<rnvity. 

Siiljjliiu 

illSSOlVdil. 

Rliecilld 
• Rravity. 

Ruliiliui 

, 1 

RHlVlty 

Siiljilmr 

6ihsul\()il. 

S[if)(’iric 

Rfiivity. 

Sulpluir 

<]iss(]lve<L 

• 

1-2708 

0-0 

1-2999 

fi-4, 

1-0263 

^2-8 

1 '3507 

19-2 

1-2717 

0-2 

* 1-3007 

c.-o' 

1-:W71 

13-0 

1-3514 

19-4 

1 -2720 

0-4 

1-3016 

ii'% 

1-3279 

13-2 

1-3521 

19'() 

l-273(! 

0-6 

1-3024 

7-0 

I-3287 

13-4 

1-3529 

19-8 

1-2745 

0-8 , 

>3032 

L 7-a 

1-329:) 

13-6 

1-3536 

20-0 

l-275i 

1-0 

1 3041 

7-4 

1-3303 

13 8 

1-3543 

20-2 

1 -2703 

.i-a. 

i-3()ri() 

7-0 

>-3311 

14-0 

1-3550 

20-4 

1-2772 

1-4 

1 -3058 

7-8 

1-3319 

14-2 

1 - 3 . 5.77 

20-6 

1-2782 

1-0 

1-3066 

8-0 

1 -3326 

14-4 

1 -3564 

20-8 

1-2791 

1-8 

1 3074 

8-2 

1-3334 

14-6 

1-3571 

21-0 

1-2800 

2-0 

1 -3083 

8-4 

1-3342 

14-8 

1-3577 

21-2 

1 -2809 

* 2^ 

1 -3091 

8-6 

1-3350 

15-0 

1-3584 

21-4 


2-1 

1-8100 

8-8 

1-3357 

15-2 

1-.3591 

21-6 

; 1-2828 

2-fi 

1-3108 

9-0 

1 -SOCfi 

15-4 

1 -3598 

21-8 

1112838 

2 s 

1-3116 

9-2 

1 -8878 

15-8 

1 -3605 

22-0 

■ 1-28'17 

3-0 

l-:il25 

9-4 

1-3380 

15 -8 

1-3612 

22 2 

1 -‘iSfiO 

3-2 • 

1 -313.1 

9 6 

l-.risS 

16-0 

1-0619 

22-4 

1 -‘iSOO 

3-1 

1-3112 

0-8 

1-3390 

• 16-2 

1-3626 

22-6 

1 -2875 

3'0 

1-3150 

10-0 

1 -i^ioo 

16-4 

1-3633 

22-8 

1 -'2^ 

8-8^ 

1-31,58 

10-2 

1-3111 

16-6 * 

1-3610 

23-0 

1-289^,, 

■1-0 

1-3166 

*10 4 

1 -3118 

16-8 

1-3616 

23-2 

1-2903 

4-2 

1-3171 

10-6 

1-31-26 

17-0 

1 -3653 

23 -1 

1-2912 

1-4 

1-3182 

10-8 

1-3433 

17-2 

1-3G60 

2315 

1-2920 

•4-(i 

M 3190 

11-0 

ititii 

17-4 

1-36(57 

23-8 

1 -2929 

4-8 

• 

11'2 

1-3118 

17-6 

1-3674 

24-0 

1-2938 

5-0 

1 -3207 

11-4 

1-;M56 

>7-8 

1:3681 

-gl-3 . 

1-2917 

r.-2 

1-3215 i 

11-6 

1-3163 

18-0 

1-3688 

^24-1 

1-29G() 

5-4 

1-3223 

11-8 

l-3il70 

18-2 

1-3695 

24-6 

1-2901 

5-(5 

1-3231 

12-0 

1-347.-1 

18-4 

1-3702 

24-8 

1-2973 

5-8 

1-3239 

12-2 

t-84H.'> 

18-6 

1-3700 

25 -0 

1 -2982 
1-2990 

0-0 

6-2 • 

1-3247 
1-3255 * 

12-4 

1 -3492 
1-3580 

18- <y 

19- 0 
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Bruho' determines total sulphur as follows;—i*g. is boiled for 
ta^enty rfiinutcs with 10 C.c. of sodium ^hydroxide solution (sp. gr. l'33) 
and 2d c.c. of waiter. The solution is cooled, matlt up to loO c.c.^ filtered 
through a dry ^filter, ,and 25 c.c. boiled with five successive quantities 
^ Ann, Falsif., 1910, 3^ 129 ; J. Soc, Chem, 19IO, 29, 626. 
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of 5 c.tft each of a solution consisting of lo c.c, of the same sodium 
hydroxide solution, 2 c.c. of bromiije, and'20 c.c. of water.' The solution 
is then acidified with hydrochloric acid, the excess broVnine expelled 
by boiling, and the sulphur detetimined as barium sulphate. 

In regard to the examination of refined sulphur— 

Roll Sulphur is generally to all intents chemically pure ; it may be 
examined foi' ash, arsenic, and selenium (seq pp. 360-362). ' 

Flmvers of Sulpliur S.XC not quite sd pure; if not carefully washed, 
they are especially liable tp contain free acid, more particularly 
,,S'ilphurouB acid, sulphuric acid, hnd also .thiosulphuric acid, which 
may be tested for. by the usual methods. If intended for use in fhe 
manufacture of fireworks, the hulphur must be free from all trace of 
acidity. According to determinations made by Janda,i the reoiiTue 
on ignition amounted to 0-063 per cent, as an average of thirfy 
samples, the maximum valu^ being' 0-283 cent. The solubility 
in boiling sodium hydroxide solution Q.f 1-2 sp.-gr. led to a mean 
value of 98-04 per cent., with a maximutn of 99-99 per cent., <and a 
minimum of 88 per ceri'e; in one cast, however, only 68 per cent, was 
dissolved. t 

According to Domergue,® only those prpducts,.should be classed as 
“flowers of sulphur” which, when fre.sh, contain at least 33 per cent, 
insoluble in carbon bisulphide. • * 

On the analysis of sulphur, see further Taurel and Griffct,^ Levi,'' 
Wentzcl,' and Wolff" 

11 . SUI.l’IIUR FROM Ga.s RKSinU.\I,S 

The spent purifying materials from ga.sworks frequently contain 
over 50 per cent, of frec'sulphur.' They arc first freed from ammonium 
salts by cxtractioivwith water,'and then subjected to a .special treatment 
for the recovery of cyanogen compounds (s^e p. 650 et seqlj. Th'e'residue 
remaining after this treatment^ fo^ms a valuable raw material for the 
production of sulphurous acid. It consists .essentially of free sulphur 
ajjd Qjiide of ifon admixed with sawdust, tarry substances, etc., and may 
also contaiii varying quantitief of lime, etc.* Any lime present wilt, on 
burning, fix part of the siflphur, and on this account a method of 
analysis L - .■.;iQpted. which takes account of available sulphur only." 

The spent oxide Is burnt by (he aid of platintsed asbeutos, the resulting 

« 

* jahrtiher, li. chem. 1897, 421. *' IShem, Zeil, AV/., 1905, 29, 19. 

•’ Comptes reuii.^ 1911,152, 1182 ; /. Soc, Chem. huL, 1911, 30, 683. 

* Annaii Chun. Appl., 1915, 9; J. Soc. Chim. fnd., 1915/34, 282. 

Z. anjfew. Chem.. 1918,3*, ^8. * ** Ibvf.. 128. * 

The Examination of these residuals for thcii more important constituents will be described 
in the section on Gas*Manufactur^. Vnl. IV. ‘ t 

Zulhowsky, Dtngl, polyt.Jy l88p, 241, 52. 
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gases are passed into a solution of potassium hydroxide and potassium 
hypobromite, ind the sulphuric acid contained in the resulting solution 
estimated by precipitation with barium chloride. , 

The burning is effected in a combustion tube, 6o ym. in length 
(Fig. 187), narrowed at and drawn out at one end into a downwardly 
directed and not too thin narrower piece 10 cm. long. A layer of 
platinised asbestos, 20 to 25 cm. long, is placed between 'a and //, and 
7 to 10 cm. behind this a p9rce!:^in boat containing jbout 0-4 g. of the 
sulphur. The free end of the tube is couneefed at k with a gasholder 
containing oxygen. Two .14 cm. hi(;h bulb IJdubes c and d and ttiAu., 
tu!*e e, filled with glass wool, arc employed for ab.sQrbing the evolved 
gases. They are charged with a solutiofi prepafed by dissolving 180 g. 
of^W.assium hydroxide (purified from sulphate by alcohol) in water, 
JRlding to this 100 g. of bromine,^ drop by drop, cooling as required, 
and diluting to i litre; thirty ’c.c. of fhis solution i.s sufficient for 
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mhe estimation of 0'5 g. sulphur. The glass wool in the tube c should 
also^ 5 e moistened with the solution. 

■ A current of tnoist oxygen is passed througli the tube, and the 
portion between a ami h heated to redness ; thf boat is then pushed in 
and the heating^ extended from right to left, until fijially the tube is 
heated ^^thc ^oointyi The dbrrent of gas must be much more rapid 
than that employed fn ordinary oj-ganic combustions, in order' to 
prevent sulpfiur from pas.'yng away unburnt; on the other hand, it 
must not be so strong that the sulphur dioxide* escape^ unab.so.rbcfi. 
Any deposit formed at h miTst be driven fprward fiy means of a Bun.sen 
burner; the combustion i.s complete when Inch deposit ceases to form, 
^and this is usually the case after one hour. The absorbj.tti— uessijils arc 
then removed, emptied, anfl washed out; ctny sulphurit acid remainin[j 
in the tube at h is recovered by rcpeate^lly drawing up wat^r by^uction 
applied ^t k. The solutions and washings arc combificd, hydrochloric 
acid added in sufficient ijTfcess to neutralise th« alkali and decompose 
the hy]Dobromit^, the whole heated and if nece.^shry concentrated, and 
the sulphuric acid precipitated as barium subihatc by aijdition of a hot 
solution of barium chloride.' ' 
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Thif method is also applicable to the determination of available 
sulphur in pyrites; in this case the platinised asbestos i's omitted, and 
the combustion tube, drawn out and bent round as abovi', need not be 
more than 40,cm. long. c 

Hydrogen peroxide may be used with advantage instead of potassium 
hypobromite solution, titration of tke sulphuric acid by standard 
alkali being substituted for the gravimetric^determination. Allowance • 
must, of course, be made for any acfjity Jn the hydrogen [icroxidc 
employed. This modificaiion is much more rapid than Zulkowsky’s 
^rcthod, and docs away witli thd necessity of employing absolutely 
sulphate-free potassium hydroxide. The reaction is simple : » 

’ H.p. + SO, H,,SO,. 

Similar mcthotls, generally intended for the determination of availabjc 
sulphur in pyrites, have frequently been recommended; these are 
described below. 

The determination of the sulphur by bxidatioiTwith hydrogen per¬ 
oxide always gives to(i high results, and some tar is also dissolve?!. 

Pfeiffer' burns i g. of the sample'in a bottle filled with oxygen, on 
the bottom of which a solution of sddium hydroxide is placed. The 
solution is finally oxidised wilji i c.c. of*30 per <S;nt.«neutral hydrogen 
peroxide, and titrated. 

III. Pyrites - (and other Metallic Sulphidc.s) 

Pyrites is generally received in sealed duplicate ( samp.-.''*' 
to 300 g., the average sample being prenar_pd j''„,jcording to the rules 
given "T."p.’o. 

The most important determination for the acid manufacturer is 
naturally that of the sulphur content. In arldition, moisture, and 
less frequently copper, arsenic, zinc, and carbonate.s ‘are deterinined. 
The complete analysis of pyrites is very* seldom undertakcn,’'gcnerally 
only in c.xamining the first coi^igpmcnts from a npw .source. 

1. Moisture.—The coarsely ground sample is dried at 105 , until 

the Yycight becomes "constant. P'or the following tests, the finely 
divided average sample preseved in a well-scaled bottle, not the dried 
sample, is employed. ^ 

Xb/" ;...3ly|ical .csults arc calculated on the dry pyrites, for which 
r*eason a specia'l moisture determination Sn the average sample is 
necessary. 

2 . Sulphur—It must be decided whether the total sulphur, or that 
rendered soluble by aqua regia, or finally that recoverable by heating 

> /. atdiUuchl., 1905, 48, 977 ; Ch/m. Crillr., 1905, II., 1831. 

“ C/.VI. Wyld, ^aw Maliriaji J! y the Mitnufaclurt oj i'ulphurhc A ad fud the Mam/actun 0/ 
Suljihur Dwxide, 1923, p. 68 . '■ 
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in a current of air, is to be determined. Sulphur present as hejivy spar 
or galena wemld be include):! in the first case, which is u.scle.ss for 
the productii»n of sulphurous acid. For this reason and also because 
of its greater rapidity, and the avoid,juicc of the fusion,^.which strongly 
attacks the platinum crucible, the wet method, as recommended by 
Lunge,^ is almost universally used. By publication in the Alkali 

Makers' Handbook the method has attained .the rank of a .standard 

process, and is generally cpiplo/cd in buying and selling. 

The thirtl group of methods in which the available suljihur is 

estimated has been dealt with under “ tias Residuals ” fp. 364); it,4a 

ncjf as a rule employed for pyrites. 

As a preliminary to any' method o? determination it is essential to 
ro 4 *jce the sample to a very fine powder, first in a steel mortar and 
«£nally in an agate mortar. A porcelain or Wedgwood mortar should 
not be used, as they yield quite appreciable quantities of foreign matter 
to the sample. TJic conq^ete sample’ is then .sifted through very 
fine silk gauze, without elimination of any residue. 

Jamge’s methoii for the*vet c)Xtraction of pyrites is as follows ;—0'5 
g. of the pyrites is treated wilh’i^bout 10 c.c. of a mixture of 3 volumes 
nitric acid of 1-4 sp. gr. and i. volume strong hydrochloric acid (both 
acids must be te^teef for complete freedom from sulphuric acid), with 
occasional heating, and care being taken to avoid spurting {cf. p. 16). 
In exceptional cases some free sufphur may separate; if so, it may 
be oxidised by the cautious addition of potassium chlorate. 'J'hc 
mixture^.iip.f,'”"-,'>)orated to dryness on the water-bath and this evaporation 
^-'K'fqjeatcd after the addition of 5 c.c. of hydrochloric acid, after which 
jutnaus fumes should cease to be evolved. A further l c.c. of concen¬ 
trated hydrochloric acid is added to the residue on the water-bath, 
and after a few minutes 100 c.c. of hot waier is added, the whole 
filtered througl^a small filter paper and the insoluble matter washed 
with Ii«i*watar.“ The rcsidiw: may be dried, ignited, and weighed. It 
may contain in addition to silica and silicates, barium, lead,,.and 
occasionally* calciuln sql^jhatcs, the sulphuric acid of which being 
absolutely non-availablc* is purposely neglected.. If the residue is not 
to be estimated, the filtralfcn may be neglected and the precipitation 
with ammonia proceeded with as soon as»all the nitric acid has been 
driven off. * • . 

• To remove tl:^ iron, the filtrate and washings aro rfcutratisccT with 
ammonia, an excess of 5 tp 7 c.c. of strong ammonia solution is added, 
and th® liquid heated to 60" and 70" for ten to fifteen minutes, but 

. * • * . 

’ Z.^inal. Chern,:, i88i, 20, 419*; and /.. 1889*2,^473. Pattinson.y. Soi. L'hem, 

Ind.y 1905, 24, 9; Treadwell, Analytual Ckimishy, 5th edition, vol. ii., j). 467. ♦ 

• Cf. Dennstedt and Ha^sler, Z, angew. Chem., I 905 j|i 8 , I137 and 1,1^62 ; also, G. I-ungc, 
tbul,^ 1905, 18, 165C* • # * 



368 


, MANUFACTURE OF SULPHUROUS ACID 

the soli!|tion should not be heated to boiling; it should still smell 
strongly of ammonia, otherwise the precipitate may contain basic 
ferric sulphate. 

The separated ferric hydroxide is filtered off and washed. The 
operation may "be carried out in shorter time (one-half to one hour) by 
observing the following precautions:—r, Filtering hot and washing on 
the filter with hot water, taking care to avoid channels by thoroughly 
disturbing the whole precipitate with each washing. 2. Using a 
sufficiently dense blit rapid* filtering paper. 3. Ifniploying a correctly 
made funnel with an angle oi Co“, the tube of which fills completely 
witfi the filtrate. 

The wa.shing is continued until about I'c.c. of the wa.shings yields 
no turbidity with barium chloride-after standing several minutes.,--r'n 
doubtful cases it is advisable to prove the complete absence of basic 
sulphate by fusing the dried ferric hydroxide precipitate with pure sodium 
carbonate and examining the aqueous exti;;ict of th,? melt for sulphuric 
acid. 

Hundreds of check bests, carried o’lt in,the manper described, have 
shown (Lunge) that by observing the, above precautions even novices 
almost always obtain a ferric hydroxide ,frec from sulphuric acid, and 
that with experienced worker.s this is always the c.isc, Kustcr and 
Thiel,' who incorrectly a.ssumc that the ferric hydroxide cannot be 
completely freed from sulphuric acid by washing, recommend as an 
alternative method to precipitate with barium chloride without previous 
removal of the ferric hydroxide but to remove this subsc'q"'?ntlv by pro¬ 
longed digestion with hydrochloric ac'd, or to add a considerable amouift 
of ammonium oxalate so as to prevent altogether the precipitation of 
the iron. Both methods occupy much more time than that described 
above and are in no way more exact,- 

The combined filtrate and wa.shings should not exceed 300 c.c.; if 
they do they must be concentrated by evaporation. 'The sr^k’dion is 
acidified with pure hydrochloric acid, avoiding any considerable excess, 
heated to distinct boiling, and 'after removal ,of the flame a solution of 
barium chloride, also, at the boiling tempera'iurc, added all at once 
wth "ebnstani* stirring. By adding the hat barium chloride .solution 
all at once to the solution t j Lc precipitated, instead of drop by drop, 
an error is introduced owing to the absorption of some barium chloride 
by thl*'^barium''‘.iL'lphatc, but .this just compc,nsates the loss caused by 
the solubility of the barium sulphate in the solution, and the error due 
to the unavoidah’e co-precipitation of double sulphates of bari,'im and 
ammonium. The presence of copper introduces no error in the de- 

* Z, ar^ yrg. Client., 1899, 19, 97 ; 1900, 22, 424. < 

“ Cf. Lungi, Z. at^org. Chem,, 189s, 19, 454 ; Hertiiig, /. angeit;^. Chtm., 1899, 12, 274 ; also, 
Chtm, ZeiL, 1899, 23, 768. ' T 
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termination ; zinc if present in small quantities has also no effect, but 
if present in farger proportions, as ip the analysis of blende, the error 
is greater, owhig to the solubility of barium sulphate in the ainmoniugi 
salts necessary to keep the zinc in .‘dilution. This errqr is, however, 
also compensated, as stated above, by adding the barium chloride 
solution all at onced Twenty e.c. of a lO per cent, barium chloride 
solution diluted with too c.c. of water, will suffice for l»g. of pyrites. 
A larger excess of barium«chlofide is to be avoided^ or the results will 
come out too high. The whole is allowed^to stand for forty minutes 
after precipitating, by which time' the* filtrate should have cleaw'* '" 
coMipletely and be ready for further treatment. . The clear liquid 
is decanted as completely as possibre through a filter, lOO c.c. of 
bluing water poured on to the precipitate and the whole stirred; 
'after two to three minutes the sc^ution should have cleared again and 
be ready for a further decantation. T]ic washing by decantation is 
repeated three or four timov until the liquid ceases to show aii acid 
rcactwn; the precipitate is then washed on the filter, drietl and ignited. 
It should be perfectly whift: anil should not <ake. The filter paper, 
after separating the precipitate, is either burnt in a platinum spiral, or 
the filter paper and yrecipitafe are burnt wet in the crucible. In the 
latter case it is necessary to convert the* resulting barium sulphide into 
sulphate, by'gefitlc ignition with the crucible in a slanting position. 
One part llaSC.)., = O'1373 parts of sulphur. 

With practice, the total volume of solution to be precipitated with 
barium.,'■'doiiue will not exceed 300 c.c., so that evaporation, before 
precipitating, should not be necessary. If it is unavoidable it must be 
carried out on the water-bath, or in such manner that any sulphurous 
coinbustion prodjicts arc kept away from the solution, f.g. by heating 
on an asbestos or aluminium plate. ’ 

Other methods for removing the iron arc described by llcidenreich,^ 
by He?ii.ig ai.d Lchnhardt,'* By Gyzandcr,* and by Smoot.'' 

The previous prccifjitation of thc^ iron is necessary, since, if pre^'Cnt, 
it gives rise to the formjtipn of a double sulphate of iron and barium 
in the barium precipitate, which double sulphate*loses pprt of its sul¬ 
phuric acid on ignition.'’ lire resulting ijrror may, according to l.un’ge, 
reach a maximum of ^ per cent, in thc*case of pyrites (this result 
differing from that of Thiel, who lost lip to*/ per cent.) ; ..i^' ; however, 
avoided by precipitating the iron as described on pp. ;^-368. * 

m 

^ and Sticrlin, Z. an^nc. Cliem., 1905, i8, 1921. • 

/.. anorg. Chetn.^ i 5 ^ 99 > 20, 233. 

' 1899, 23, 768. • 0 ^ 1906, 93, 213. 

Eng. and Mm. 1912, 94, 412 ; [. Eoc. Clum. lud.^ 19J2, Jif 918. ^ 

^ ^ Jannasch and Richards, /.1889, 39, 3y ; also, corua tion by these authors m 
consequence ofcommtnicaliofi from lounge, il>td,, 1889,40, Sec also Lu’^jgc, Z.angt-w. C/iem.^ 
1889,12,473. , , 
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. MANUFACTURE OF SULPHUROUS ACID 

The'cnjurious effect of a large excess of barium chloride, owing to 
absorption by the barium sulphat? precipitate, has long'bcen known, 
a;id Lunge has drawn special attention to this point. Richards and 
Parker' have carefully investigated the subject, but the methods of 
purification suggested by them, in addition to being extremely trouble¬ 
some, fail in their purpo.se unless the solubility of barium sulphate in the 
solution in which precipitation occurs be tak^en into account. Richkrds 
states that under ordinary conditions the two errors exactly compensate 
each other, and a result Icry near the truth may consequently be 
»--p''cted if the details given above arc carefully followed. 

Alien and Bishop“ have devised a method which, slightly alteiod 
after co-operative work, has been widely adopted by American 
chemists. The modified method is a.s follows ;■*—0-5495 g. of'llic 
powdered sample, dried at loo" C., L treated with 6 to 8 c.c. of a 
mixture of two parts of bromine and three parts of carbon tetrachloride 
by volume, and left for fifteen minutes i;; a tall covered beaker, with 
occasional shaking. 10 c.c. of concentrated nitric acid is then added, 
and after standing fof'’'fifteen minutbs, w'ith occai.ional shaking, the 
mixture is heated below 100° until most of the bromine has been 
expelled, and then evaporated to drynL^s on a steam plate. The 
residue is treated with 10 c.c. of concentrated hj'drochloric acid, the 
mixture evaporated to dryness, and the residue heated at kxj" for 
half to one hour to dehydrate the silica, then moistened with i c.c. of 
concentrated hydrochloric acid and heated with 50 c.c. or more of water 
until solution is complete. After cooling for three to fiV* •"■'"lUcs, 
o-i g. of powdered aluminium is added, and when reduction of the 
iron is complete the solution is filtered, and the residue washed 'nine 
times with hot W'ater. The solution is treated with 2-5 c.c. of con¬ 
centrated hydrochloric Acid, then diluted to 650 c.c. and 50 c.c. of cold 
5 per cent, barium chloride solution added .slowly, v, ithout stirring, 
preferably in .single drops at the rate of itbout 5 c.c. per '■ninirte.' The 
mixlsire is stirred, allowed to stand for at least two hours, and the 
precipitate collected on a thick layer of asbestos in a Gooch crucible, 
using suction., After washing with cold water, the precipitate is dried 
and ignited. According to the authors, no correction for the presence 
of occluded salts in the barium sulphate is necessary. The results 
are a£ciir:>V, and duplicate determinations arc always very closely 
concordant. ‘ " 

Such methods as solution of the pyrites in fuming nitric acid, or 
in hydrochloric a’cid and potassium chlorate or sodium chloraie,'' or in 

^ Z. anorg. Ckem., iSyj, 8, 4*3. 

^ Eighth Int. Congr, Appl. Vhem,^ igi3. Section I., Orig. Comm., 1, 33 • J. Soi-. Chon. Ind.^ 
1912, 31, 919- 

H. C. Moore,/.'/«f/. Eng. Cl -m. 1916, 8, 1167 ; J. i’df. Chem. hui.^ 1^17, 36, 29. 

* Noaillon, Z. anggw. Chem.., 1897, 10, 331. 
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hydrochloric acid saturated with bromine, are less satisfactory than that 
described abdve, owing to tbs. liability of the sulphur to separate. 

For othef investigations into the conditions of precipitation ^of 
barium sulphate, see Sacher,* Vanit Kruys,^ Allen and Johnston,^ 
Gooch and Hill,'' Karaoglanow." 

Of the dry methods of anafysis, that of Fresenius," though some¬ 
what tedious, is probably the most exact. 0-5 g. of pyrites is fused with 
10 g. of a mixture compo.scd o?two parts of sodiuni carbonate and one 
part of potassium ^itrate, the melt is ext/acted with water, and after 
precipitation of the lead by a slow’current of carbonic r^bydri tje .r. V^ 
solution is boiled with sodium carbonate solution, filtered, and the 
residue washed with hot water. The ‘combined filtrate and washings 
a?e tcidified with hydrochloric acid, evaporated several times with 
additions of hydrochloric acid to remove the nitric acid, the residue taken 
up with dilute hydrochloric acid'and precipitated by barium chloride, 
the barium sulphats precipitate after ignition being finally purifipd by 
boiling with hydrochloric a’cfd. This is a lengthy process, and has 
been replaced by Ijunge’s mtthpd even in Frestfnius’ laboratory. 

Other dry methods are generally rc.stricted to the determination of 
sulphur in burnt ore Jsce p. 389), to a preliminary testing of iron pyrites, 
or to the analysis of some special pyrit’es for which the wot method is 
less suitable.’ The wet method is always the best for jjyrites, containing 
only about 4 per cent, of copper, eg., Spanish pyrites. The method 
used in Freiberg is to heat i g. of powdered pyrites to a red 
heat in,.,"muffle furnace with 2 g. of sodium carbonate and 2 g. 
ol potassium nitrate; the melt is extracted with hot water, filtered 
into‘*excess of hydrochloric acid, and titrated with barium chloride 
sdlution by Wilck-nstein’s method (c /1 p. 373). 

The best dry methods of treatment apperfV to be those in which 
sodium jjcroxit^e is employed, as, for cxamjile, tho.se, recommended by 
IlempJi and by llohnel and Glaser.'’ List" recommends the following 
simplification of a mefliod proposed^by^Fournier:—0-5 g. of the finely 
divided pyrites (or burnt, ore) is intimately mixed with 5 to 6 g. 
of powdered sodium peroxide in a wroiight-iron crucible, which is thcii 
covered and gently heated Tn a liunsen fliime. Reaction quickly sets in 
and is complete in one minute. As soon as^he mass is fused the flame is 
removed and the crucible plunged into'ijo^o 200 cic. of v-ni.m, water, in 
, • • • 

^ /eit., igog, 33, 941 ; /. *Syc. yt/i/.^igog, 28, 1066. 

“ Werthlaii, 1909, 6, 735 ; Analyst, 1910, 35, 374. , 

“ J. Amir. Chim. Soc., 1910,32, $ 38 , and J. hid. ling. Chem., I910, 2, 196 ; Analyst, 1910, 35, 
fit and 332. . , ; 

* Z. anorg. C/ien^, 1913, 80, 397 J Analyst, 1913, 38, 33g. * • , 

,. " R anal. Chtm., 1917, $6, 417, 487, 561 -, J. Soc. Chim.hid., 1918, 37, IC9 A, 168 A, 204 A. 

" Z, anal. Chim., <877, id, 335 - . ' • * 

Chem, Zetl.^ 1894, 18, 1448. , ^ ® Z. angew. Chem.., 1903, 16, 414. 
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which the melt quickly dissolves. The contents of the crucible are 
washed out and the solution approximately neutralised' with to c.c, 
concentrated hydrochloric acid, filtered from the insoluble ferric 
hydroxide, wlpch is washed as ► recommended on p. 368, and the 
barium sulphate precipitated as there dc.scribcd. List states that in 
absence of sulphate of lead or of alkaline earth metals, the results agree 
with those obtained by^ lounge’s wet method. The iron crucibles are • 
cheap and will stand fifty fusions. 

Clark * heats with sodiuiV bicarbonate and magnesia, and estimates 
thfi.resulting-sulphuric acid gravimctrically. Fahlbcrg and Ilcs^ fuse 
with a large c.\ce,sso[ potassium hydroxide in a silver crucible. »■ 

Of methods intendco for the'estimation of avail-able sulphur, that is, 
of such sulphur a.s is converted into sulphur dioxide on roasting, tl'.rA of 
Zulkowsky has been described undcrjGas Residuals (p. 364). Similaf 
methods have been previously described by Mixter,“ liriigelmann,* 
Sauer,'’ and Janna.sch.® These mctliods have not been adopted in 
general practice for the examination 6f iron jjyrites; they^ are, 
however, useful in the'-jase of mixcc; pyrites anduthc like, 

Silberberger" has proposed to replace barium chloride in the gravi¬ 
metric method by precipitating the sulpbiiric acid in alcoholic .solution 
with strontium chloride. This suggestion has been opposed by Lungc,“ 
and the method has been rejected by the Analysis Committee of the 
International Congress of Applied Chemistry." 

Numerous proposals have been made to shorten the determination 
of fixed sulphuric acid by employing a volumetric fJWtiiwI Such 
methods, however, in spite of the contrary view of Te.schemacher''an 3 '^ 
Smith,'® do not possess the exactness of the gravimetric determination, 
and further, the saving of time, unless many determinations arc made 
simultaneously, is not considerable. At the same time it is to be borne 
in mind that the gravimetric determination of sulphuriciacid as barium 
sulphate is by no mean.s one of the most exact analytical operations, and 
may) in spite of all precautions, give an error antounting to ■„ J j of the 
whole, or many times that involved in the determination of chlorine as 
silver chloride 

The more important volumetric methods for the determination of 
fixed sulphuric acid are ''appended, although, as stated, they are 
not sufficiev'ly accurate to justify their use in the case of pyrite.s. 

• Wildcnstein"' titrates with a normal .solution of ba’^ium chloride, and 
1/ 

^ J. .S'oc. Chon. /«(/., 1885, 4, 329 and 7^:4. Ber.y 1878, 11, 1187. 

^ Amer. Chm.J., 1880-81, 2, 396. Z. anal, C/im., 1873, 12, 32. 

^ //m/., 1876, 15, 175. /. pyail. Choi.., 1889, 40, 239 ; 1890, 41, 566. 

^ Bo-., 1903, 36, 2755, 4f5^. 

” BeZ.y 1903, 36. 3387* Chan., 1904. 17, 913, 949 ; 1905, 449. 

“ 1906, p. 344. . I r/w>i. i87ii>24, and 140. 

** Z. anal, Chan., i86j, I, 432. See also II. T. Bucherer, anal. Chem., 1920, 59, 297. 
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determines the end-point by testing a small filtered sample as fcjJ-lows :— * 
The solution "is placed in an inverted bell-jar A (Fig. i88), through the 
neck of whiclf passes a bent tube l>, which i.s closed below by a spring 
clip ,7 and ends above in a funnel bent downwards, 
which is closed with two thicknesses of filter paper 
covered and held in position with muslin. The level 
of acidified solution must extend above the funnel. . 

The barium chloride soUitio'il is run into this with 
good stirring, and after each addition a fiZered sample 
is withdrawn by Vrst allowing Several c.c. to flow 
tlwrough f and pouring them back into A, and tjien 
drawing a further samiile &nd testing this wirti a drop 
of 'barium chloride solution. If a ‘precipitate results, 
the sample is poured back into more barium chloride 
added, and a further test made. • -Should the end-point 
be overstepped, a flew c.c. of. normal sulphuric acid arc 
addetl to the -solution and ihc testing completed, the volume of acid 
added being subtracted fr«m tlje volume of^i,arium chloride used. 

VVilsing' exactly neutralises the sulphate solution, using phcnol- 
phthalein as indicator, hcat-sito boiling in a porcelain di.sh, and adds 
a measured quanlity of a 4 per cent, barium chloride solution together 
with phcnolijhAalein, and then titrates with a 2 per cent, solution 
of sodium carbonate until the red coloration i.s obtained. The volume 
of carbonate solution required gives the excess of barium chloride 
added.. 

' 'similar methods have been described by Carl Mohr,'^ Knopder,'’ 
MosJiaupt,* Ulachcr and ICoerber,'' Tarugi and Bianchi,“ and others. 

• Andrews^ precipitates the sulphuric acid by adding excess of a 
hydrochloric acid solution of barium chromatu to the boiling solution 
of the sulphate,; the excess of the precipitating reagent is removed by 
additit);’ of ammonia or of ealcium carbonate to the boiling solution, 
the whole filtered, a«d washed with hot water. The filtrate, which 
contains alkali chromate corresponding to the sulphate originally 
present, i.s cooled, concentrated hydrochloric acid added, followed ^ 
potassium iodide, and the'libcrated iodine titrated with sodiufn thio¬ 
sulphate. According to Reuter,“ only 5 *0.0. of concentrated hydro¬ 
chloric acid should be added, the whrJle w^ishcd for five ..Viinutcs after 
' the addition of the potaisium iodide, the beaker b»ifig kept covered 
and a current of carbon dipxidc pa.ssed over the surface otthc solution. 

MiL«hell and Smith” add to the solution of the sulphate a measured 

^ ^ (Atm. Ind.y 1886, 9, 25, " Annglen^ 1854, 90, 165. 

^ Iljui.y 1885, 230, 260. * • ^ Cheh^ fentr., 1905, I., 296. 

® Jhid.y 190^ II., 51I. “ Gazz. Chim. lial.y 1906, 3(>; 347. 

" Cbem. 1J89, 13, 39 * ZeiL^ iSgfi, 22, 357. 

’* y. Chem. 1909, 95, 2198 ; /. Soc. Ckem. ItuL, 1910, 29, 47. 

• ■ • 
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amount, (in slight excess) of 2iV'/5 barium chloride solution. The 
solution is boiled, neutralised by ammonia, sodium acetate and acetic 
acid are added, then a measured volume of Mjio ammonium bichromate. 
After cooling, the solution is made up to a known volume, and an 
aliquot part titrated with tV/io ferrous ammonium sulphate (pota.ssium 
iodide and thiosulphate could be used ipstead), to determine the excess 
of chromate. .Results are accurate; but with potassium sulphate there 
is considerable ad.sorption, and the baiium sulphate precipitate must 
be boiled for some liburs wits, dilute hydrochloric acid before neutralising 
w_[th ammonia and proceeding as above. {NoU .—Ammonium bichromate, 
winch as an oxidiser is iV/lo, is only Nj^O as a precipitant.) • 

For other modifications of'the chromate method, sec Marboutin 
and Moulinie,’ Telio,- Holliger,'' and Roomer for other volure^bic 
methods .see Gros.smann,'' Nikaido," and Riegler.’ 

The methods fir.st proposed by Vaubel,® and based on the use of 
benzidine, have attracted attention. W.,A. Mullf;r“ has found that 
fixed sulphuric acid can be quantitatively precipitated by benz.’dine 
hydrochloride when the»,latter is present in sufficicijt excess, and that 
such excess can be directly determined by titration with alkali. This 
is due to benzidine being such a very weal: base, that the hydrochloride 
is sufficiently dissociated hydrolytically in solution to behave like free 
hydrochloric acid towards phcno'iphthalein. The decoiapczsition corre¬ 
sponds to the equation :— 

R,,SO, + Ci., 11 1 ,N,. sHCI = zRCH-Ci.JIijN.,, 

Raschig’® has modified Muller’s method as follows. Forty gT^’ 
benzidine is ground up with 40 c.c. of water, washed with about 
750 c.c. of water into a litre flask, 50 c.c. of concentrated hydrochloric 
acid added, and then v/atcr to the graduation mark. On shaking, 
the whole or the greater part dissolves to a brown <;olution, \vhich 
is filtered if necessary, and then diluted to tweniy times its 
volupie. One hundred and fifty c.c. of this weak solution is 
used to precipitate O'I g. sulphuric acid. The sulphate solution 
to be examined is allowed to flow, with continual stirring, into 
the .be.izidinc solution, and the benzidine sulphate which rapidly 
separates is filtered off at ihe pump. A 200 c.c. funnel, fitted with 
a Witt’s filter plate, is used dor the filtration. The plate, which is of 
4 Q mm. lippcr 'iliametcr, is covered by two- moistened filter papers 

' Cintr.^ 1898, I., 218. , 793. 

" Z. anal. C^^m.,' i9IO, 49, 84 ; J. Soc. Chem. Ind.^ 1910, 29, 455. 

‘ IbiiL^ 490 ; J. Soc . Chem. Imi.y 1910, 29, 902. 

Chem. News^ 1880, 41^^114; lUr.^ i 83 o, 13, 824, 

J. A mer. Chem. Soc.., 1902, 24, 774. ~ Z. anal. Chem.., 1902, 41, 17. 

« Ihd., 1896, 3^, 821. '■> Ber.^ iQOi, 35^,1587. 

Z. angew. Chem.., 1903, 16, 617 and 818. 
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of 46 mm. diameter, the extending edges of which are, after applying 
the suction, pressed by meaijs of a .sharp-angled glass rod to form a 
circular pad, tind so make the filter perfectly tight. Any precipitate 
adhering to the walls of the beaker or other vessel used for tBe 
precipitation is washed off with a portion of the’ Clear filtrate, 
and as the last drop of mothc4 liquor drains off from the filter, the 
, precipitate is washed twice successively with fr9m 5 to ig c.c. of water. 
By thus washing with a /miiVimum quantity of water, the objection 
raised by W. A. Muller and 'others to ih/ methofl on the ground of 
the solubility of bmzidine sulphate in# the wash-water is_ overcome. 
T!»c funnel is removed from the filter-flask, placed on a watcTPgTass 
of 50 to 60 mm. diameter, iilverted, the filter-plr.*te and precipitate trans¬ 
fix rv', to the watch-glass by the aid of a glass rod, the filter-plate 
■ removed, the filter pre.ssed together in the fingers and dropped into 
an I'irlenmcyer flask of 250 c.c. oapacity and 30 mm. wide at the neck. 
The watch-glass apd funnel arc ,washe 3 with not more than 25 c.c. 
of w,-»ter, and the washings •added to the contents of the flask, which 
is then closed with,a rubber, stopper and well .shaken until there results 
a uniform magma of precipital:e and di.sint%rated filter paper quite 
free from small lumjjs of bftnzidinc sulphate. The mixture is then 
warmed to 50“, afid after addition of phenolphthalein titrated with A’/lO 
sodium hydr-oxkle solution, finally heilting to boiling to remove from 
the solution all carbon dioxide, since it affects the indicator. An 
accidental excess of alkali solution may be titrated back with normal 
acid, Thi‘\ .'.■.cthod is applicable to the estimation of sulphuric acid 
present cither in the free state or as copper or ferrous sulphate; it 
is nttt directly applicable to ferric sulphate, as in this case the iron 
must be precipitated as described on pp. 367-3C8. The method is also 
inapplicable in many other cases, for example in the presence of 
certain organic, compounds. 

Tilt benzidine method m»y, moreover, be u.sed even in the presence 
of iron when not mons than i atom of sulphur is present per atopi of 
iron, provided that'(as fy'st recommenfled by M. Schlottcr) ferric salts 
are first reduced to tlTc ferrous state. For this purpose, Raschig' 
employs a dilute solution o^ hydroxylamine hydrochloride’, and grvc.s.the 
following details for the determination ci sulphur in pyrites by this 
method, E.xactly 0-8 g. of the finely* divkled sample is ^weighed into 
a 200 c.c. conical.fiask, 5 c.c. of fuming nitric acid adtl»cl, and the flask 
with a smalt funnel in thc^ neck heated on the water-bat't After half 
an ho'u», 30 c.c. of water is adiled, tfie whole of tlie contenfs rinsed 
into a *00 c.c. flask, made up to the mark and well shaken. Twenty 
c.c. of this solution is then placed fti a Goo’.CjC. beaker, 10 c.c. of a 

J per cent, solution of hydroxylaminc hydrochloride added, find 500 
• • ^ • 

‘ Z. angew.<^htm., 1905, 18, 331 ; 1906, 19, 331. 
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c.c. of .benzidine hydrochloi'ide solution prepared as above. The 
precipitation and subsequent treatment of the benzidine sulphate is 
then carried out as described. The filtrate from the sulphate should 
always be tested with barium chloride, to make sure that sufficient 
benzidine solution has been used for complete precipitation. 

For further investigations on this method, see also von Knorre.' 

3. Arsenic.. —The estimation of arsenic in pyrites is somewhat 
laborious, and is consequently not carriari out in works as frequently as 
its importance would domavh The arsenic in pyrites not only finds its 
way into the vitriol, but also isito the hydrochloric acid prepared there¬ 
from, and may, in this and in many other cases, prove very harmful. 
The methods employed for its determination unfortunately lead to 
widely differing re.sults. , ■' 

According to the method devised by Reich, as modified by M'Cay,® 
O’5 £■ pyrites i.s treated with strong nitric acid in a porcelain crucible, 
the free acid evaporated without taking the mixture to dryness, 4 g. of 
sodium carbonate added, and the whole taken to dryness on theaind- 
bath, after which 4 g. o^ potassium nitrate is added, and the mixture 
heated to gentle fusion for ten minuteh. The melt is extracted with 
hot wa,ter, filtered, and the filtrate, after acidifying with a little nitric acid, 
heated for some time to remove all carbon dioxide, ahd after addition 
of silver nitrate, cautiously neutralised with dilute ammonia. The 
precipitate, which contains all the Etrsenic as silver arsenate, is dissolved 
in dilute nitric acid, and cither the silver estimated by titration with 
ammonium thiocyanate according to Volhard’s mo*!wd, or the 
.solution evaporated in a platinum dish and the residue weigKed," 
One part AgjAsO., = 0-1621 As. 

Other methods give results which differ rather widely from tho.se 
obtained as above, lilattncr and Brasseur''’ quote an instance in which 
different analysts found from 0-19 to 0-57 per cent, of arsenic/ and 
another in which tnc figures varied from ojd; to 0-39 per c'jnt. Records 
of still greater differences may be found in the journals. The two 
authors quoted recommend the' following process:— ‘ 

I. JVet treatment. Ten g. of pyrites is added gradually with gentle 
warming ta aqua regia, prepared from ley c.c. nitric acid of sp. gr. 
■•37) 250 c.c. hydrochloric acid of sp. gr. 1-15 to 1-17, and 100 c.c. water, 
in a litre flask. The bulk of-thc ciitric acid is driven off by evaporation 
affer addixion of.hydrochloric, acid; since all the arsenic i.s present as 
arsenic acid„thcrc is said to be no loss through evolution of arsenious 
chloride.' After Jthe addition of 100 c.c. of water, the soli'don is 

^ Chem. I 905 i 28, 2 ; J. .jV. ('hem, I905, 24, I06 ; and Chem, Zeii., 1910, 34, 405 ; 

J, Soc. Chem. Ind., 1910, 29, $94. 

^ Cknu. .\>m, 1883, 48, 7. Amtr Chem. J, 1886, 8, ; 1887, Q, 174 ;.l888, lO, 459. 

^ Bull. Soc. Chm., 1897 [3]. 13. 
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cooled and filtered, ammonia is added iidtil a slight prccipitata'of ferric' 
hydroxide ii formed, sulphurous anhydride passed through the cold 
solution until the reduction of the iron to the ferrous state is complete, 
the excess of sulphur dioxide removed by warming, and after cooling, 
to 6 o°-7o“, the arsenic precipitated by passing in sulphurehcd h3'drogcn 
for six to seven hours. The solution is allowed to stand for twelve 
hours, and then filtered. The precipitate is.washed with water con¬ 
taining hydrochloric acid .ancf'sulphuretted hydrogen until all the iron 
has been removed*and finally with distille.^ water. 

It is then dissolved by digesting the precipitate and filter, papc^vdlh 
ammonium carbonate, and the solution filtered. The filtrate is rendered 
strongly acid with hydrochloric acid wirmed td 50°-70', and the arsenic 
^rc^'pitated as arsenious sulphide by passing in sulphuretted hydrogen 
for an hour. The arsenic in I:he precipitate may be determined 
either as magnesium ammoniiftn arsepate or as silver arsenate. In 
the former ca.se.the precipit^e is dissolved in strong ammonia, 
cva'jMratcd to dryness on the water-bath, taken up with lO c.c. nitric 
acid, and after a further slight^ tvaporation, j^ndered ammoniacal, and 
a small quantity of alcohol addod, followed by magnesia mixture ; after 
standing for twelve, hours,, t+ic precipitate is collected on an ash-free 
filter paper, wasTied with a solution of'one part of ammonium chloride 
and one of akahol in three of water, dried, and ignited after separation 
from the filter paper. The filter paper is ignited separately after 
addition of a small quantity of ammonium nitrate. One hundred parts 
Mg„As,^07 ..uircspond to 48-28 parts As. 

2. Dry treatment. Two g. of pyrites is thoroughly mixed in a 
platinum crucible of 30 c.c. capacity with lO to 12 g. of a mixture of 
dqual parts of potassium nitrate and sodium carbonate, and covered 
with a layer of 2 g. of the same mi.xture. Tht crucible is then covered 
and‘heated o^er a Bun.sen flame 3 cm, high. Wljcn the reaction is 
compTetc, th: mass is allu'R'cd to cool, the contents of the crucible 
placed in 70 c.c. of* boiling watgr, and after solution, the whole 
filtered and the residuc^w\^a.shed with boiling water. All the arsenic is 
then in the filtrate as arsenate. The solution as acidised with nitrje 
acid, heated to boiling, allowed to cooj, rendered exactly neutral by 
ammonia, and after the addition of one* drop of nitric acid, again 
ncutrali.sed until a drojD of the solution only produjes a blue tint on red 
litmus paper aftor some .Seconds. Silvcr*nitrate is thtfl added, drop by 
drop, until no further prcci{ritation occjirs; the silver arsenate i^ollected 
on a filter and washed with cold water until the filtr^e no lofiger gives 
..a turbidity with h3'dro*hloric acid. The sili^r arsenate is dissolved 
on th'e filter ip very dilute nitric acid, 5 c.c. ofi A sulphuric acid—nitric 
•acid—iron solution added as indicator, an<I the solution titrated with 
A^/lo ammonium thiocyanate solution to tire appearance of a rose 

* * m. 
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'coloration. Each i c.c. of the thiocyanate solution corresponds to 
0-0025 g. As. This method is rapid, and the results obtained agree 
very closely with those obtained by the first method, add also with 
those of Clarkj who employs a, mixture of magnesia and sodium 
hydroxiile for'fusing the ore (cf. infrd). 

This second method of Biattner and- Brasseur is to be preferred to 
the first, in which a loss of arsenic by volatilisation as arsenfous 
chloride may occur. 

The same authors havcTalso described a meth-od' based on the 
prscijjitation of the arsenic as fri-iodide and the suijscquent volumetric 
estimation of the latter. 

List'-^ heats 2 g. pyrites with 'lO g. sodiuin peroxide in a crucible, as 
de.scribed on p. 371. By this treatment all the arsenic is conv>*!'te'd 
to arsenic acid, which may be cstimatpd as in the method of Biattner' 
and Brasseur. 

Clark “ has devised the two following methods for the estimation of 
arsenic in pyrites;— ' ‘ 

1. Precipitation inctlufJ About 3 g‘ of the ground sample is mixed 
with four times its weight'of a mixture of equal parts of freshly cal¬ 
cined magnesia and pure sodium hydroxide previously ground together 
in a porcelain mortar, and the whole heated for about ten minutes in an 
uncovered platinum crucible; the mixture contracts slightl)', but docs 
not fuse. The product is extracted with hot water, and the filtrate 
acidified with hydrochloric acid, whereby sulphuretted hydrogen is freely 
evolved. On boiling the nearly colourless solution thus o 4 »taincd _fo r a 
few minutes, the arsenic separates as sulphide. After saturation with 
sulphuretted hydrogen to ensure complete precipitation, the prccip-'tate 
is filtered off, washed, the arsenic trisulphide dissolved yi ammonia, and 
the resulting solution evaporated to dryness on the water-bath. The 
residue is dissolved in a small quantity of strong nitric acid and the 
arsenic estimated as magnesium ammonium arsenate, or precipitated as 
silver arsenate, and its weight calculated from<thc silver found, as 
determined by titration by Volhard s method, or by cupellacion .accord¬ 
ing to Richter. 

The'method gives very accurate results, hnd is applicable even when 
the arsenic is only present in-'very small quantity. 

2. Distiiiaiion method. About 1-7 g. of the finely powdered pyrites 
mixed with six Panes its weight of the magnesia and sodium hydroxide 
mixture is heated over a Bunsen flame of medium height in an 

t r ”, 

uncovered platinum crucible for one hour, by which time ojEcfation 
should be complete. Jhe contents of tne crucible are transferred 
to a flask, molstenedi with water, and dissolved in about 70 c.c. of 

^ Z. angtw. CKem.y 1904,17 I/27. 

•'/. Soc. Chem. Ind,^ 1887, 6, i52. 


Utul^ [903, i6, 415. 
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strong hydrochloric acid. It is necessary to heat towards the end, 
until all actibn ceases. Tha fla.sk ^is fitted with a funnel tube which 
dips below tile surface of the liquid, and it is further connected witli, a 
small glass cooling-worm, to the end of which a straight oalciiim chloride 
tube is attached. A considerable excess of reducing agent, dissolved in 
.strong hydrochloric acid, is then»admittcd through the funnel tube. The 
reducing agent employed is cuprous chloridej which forms a readily 
soluble double salt with .wdiufn chloride, and redyces quite as readily 
as a ferrous salt. ^ mixture of cuprous a/d ferrous chlorides, obtained 
by dissolving copper in ferric chlori'de, also forms an excellent rediising 
agent. The contents of the flask arc then slowly ■distilled into water 
for an hour, after which a*bout 30 g.'of strong hydrochloric acid is 
acld.»i and the distillation continued for a further half-hour. All the 
' arsenic should now be in the receiver, but it is advisable to check this 
by adding more hydrochloric adid, changing the receiver, and testing 
the fresh distillate collected. TJic arsenic so recovered may be precipi¬ 
tated as sulphide and collected on a tared. filter paper, or it may be 
titrated with iodin* in the (Isual fnanner. 

The distillation method reqiwres less time than any other, and gives 
equally exact rcsult.scsven fgr«small amounts of arsenic. It may also be 
employed with advantage in estimating the arsenic in metallic copper. 

According tb H. Fresenius,’ the fusion method offers no advantages 
over that of direct distillation in the presence of ferrous chloride, where 
the solution has been treated hot with chlorine or with hydrochloric acid 
and ootassiu'i]! chlorate. 

The methods for delecting and estimating traces of arsenic arc 
described on pp. 433-448. 

• 4. Copper.—iThe following process is employed at the Duisburg 
copper works, and was first described in tht Alkali ]\lakcrs’ Hand¬ 
book.- Five g.‘of the pyrites, ground and dried at joo°, are gradually 
dissolved in do c.c. nitric acfll of sp. gr. i-2 in an inclined Erlenmcyer 
flask. As soon as tlTc violence of, the reaction is over, the fla^k is 
warmed anef cvaporatioij*a]lowcd to proceed until sulphuric acid vapours 
arc given off. The dry residue is dissolved in 5@ c.c. hydrochloric acid, 
of .sp. gr. 1-19, and after flie addition gf sodium hypophosphitc (2 g. 
sodium hypophosphite, Nall,TO,,, dissolved in 5 c.c. water) the solution 
is boiled for a time to remove arsenic'and'to redur,e the ferric chloride. 
An exce.ss of strong hydrochloric acid is then added, tlW solution diluted 
with about 300 c.c. of hot,water, sulpljuretted hydrogen pass^l in, and 
the pre«pitate filtered off and thoroughly washed. A hole i? made in 
the filter by means of a glass rod, the precipitate washed back into 
the pi'ecipitatipg flask, and the metallic sulphidfefe adhering to tfie filter 
paper as well as theynain bulk of precipitrite, brought .into solution by 

^ anal. Chem.. 1888, 27! 34 ; cf. also, Nahnsen, Chem. 1887, II, 692. 
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' treatmeltt with nitric acid ; thr; solution in the flask is then evaporated 
to dryness on the water-bath, and the residue again taken tip with nitric 
acid and water, neutralised with ammonia and dilute silphuric acid 
added in slight excess. When cold, the solution is filtered to remove 
lead sulphate and other insoluble matter, the flask and the filter being 
washed with water containing sulphuric acid, 3 to S c.c. of nitric acid 
of sp. gr. 1-4 added to the filtrate, and the copper deposited electro- ■ 
lytically. From the weight of copper found, 0 01 per cent, is deducted 
for the simultaneously dcpo.i'itcd bismuth and antinvony. 

■ oiNahnsen 1 estimates the copper'in pyrites as follows. The pyrites 
is very finely ground, dried, and I2'5 g. of the dried material is 
covered with 10 c.c. of water and i c.c. of strong sulphuric acid in a 
thin-walled beaker about 17 cm,‘deep. The beaker is covereclcwitn 
a porcelain dish and nitric acid of.sp. gr. 1-4 added in successive 
small portions until frothing ceases to occur. The solution i.s then 
boiled over a fairly large flame; afte/ several minutes the porcelain 
dish, which is sufficiently wa.shed by the acid which condenses ui.Jer- 
ncath, is removed and the gradually thickening solutionis allowed to 
boil vigorously with constant agitation, until the liquid almost adheres 
to the glass and yellow particles of salt begin to separate. The magma 
is then quickly brought into solution by the addition of warm water. 
With .some practice the whole operation may be performed in from 
ten to fifteen minute.s. The cold solution is transferred to a 250 c.c. 
flask, made up to the mark and filtered through a dry filter paper. Two 
hundred c.c. ( - 10 g. pyrites) of the solution, which is rtttw free ,from 
silica and lead, is treated for .some hours with a good current of 
sulphuretted hydrogen, until the precipitate becomes flocculent' and 
the solution appears clear. The solution is then washed by decantation 
through a filter, the precipitate in the beaker being pressed out by means 
of a glass rod during the washing. It is unnecessary t.) wash cepper 
sulphide with sulphuretted hydrogen water when, as indhis case, the 
sulphuretted hydrogen has been allowed to acU until the precipitate 
settles well and leaves a clear supernatant liquid. The portion of the 
.precipitate remaining, on the filter is washed back into the main bulk 
with the least possible quantity of hot watef, and concentrated sodium 
sulphide solution added irr such quantity that no sulphur remains 
undissolved after the solutioh has been brought to, and maintained for 
several minute.s ttt; boiling point. After diluting with water and allowing 
to settle, in ywarm place, the solution, which contains the arsenic and 
antimony, now' qViite free from copper, is filtered, and the vulphide 
of copper washed with hot water. Traces of iron sulphide, which alway.s 
adhere to the sulphide >bf copper (in two cases this amounted to 0'02 
per cent, on thp pyrites), are extracted by washing with hot water 
' Cirm. Xei/., 1887, ll, 692 ;.Soi. Chem. jnJ., 1887,6, 564, 
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acidified with a few drops of hydrochlorit acid ; the precipitate is then 
washed until‘free from chlorine, and the copper estimated as cuprous 
sulphide. * j 

Cadmium and bismuth sulphides^prescnt in the cuprous sulphide, 
arc determined by dissolving the precipitate in nitric acidj and treating 
the warm solution for some time with ammonium carbonate. The 
resulting precipitate is weighed as oxide and allowed forv 

Should 25 g. be taker. for>analysis instead of 12-5 g., the method, 
according to the neither, is but slightly mjrc troublesome and longer. 
When the pyrites cAitains 3 to 5 ptr cent, of copper, 5 g. .of.the ,s_;v,r^ple 
will suffice. 

A very complete account of the dstimatidu of copper in pyrites, 
alid "Wore particularly of the “ Cormsh assay,” has been published by 
' Westmoreland,^ and more recenj;ly methods have been described by 
Treadwell- and Dcmorcst.^ ‘ , 

Li.st * burns the pyrites in porcelain crucible of special shape, 
extwets with hydrochlorit ■ acid, ncutraljses with ammonia, adds 
sulphurous acid, a<id prccipitat* the copper -as cuprous thiocyanate; 
this is oxidised with a mixture of sulphuric and nitric acids to sulphate, 
and the copper dete^mincd.ljy electrolysis. 

5. Lead.—Lead remains in the residue in the form of sulphate 
when the pyrifus is treated with aqua regia, as described on p. 367. 
The lead sulphate is extracted from the insoluble residue by warming 
with a concentrated solution of ammonium acetate; the resulting 
solution is evaporated with addition of a little pure sulphuric acid, and 
the residue finally dried and ignited in a porcelain dish or crucible, 
(hiopart I’bSO.j = 06831 Pb. 

' 6. Zinc.—Tiie zinc in pyrites is occasionally determined, according 
to Ilassrcidter and Prost, since it is scarcely po.ssible to recover the 
sulphur combt^ied with the zinc. Schaffner’s mct,hod, as described 
undei* Zinc Blende on p. 383, is not available, owing to the large pre¬ 
ponderance of iron, aiflJ on this latte^ account a gravimetric mcthod.must 
be cmployccl. One g. sf^the pyrites is dissolved in aqua regia, as de¬ 
scribed on p. 367, the excess of nitric acid evaporated ofT, and the rcsidug, 
taken up with 5 c.c. of string hydrochloric acid ; water is then added 
and the solution treated with .sulphuretted hydrogen to remove any 
metals yielding sulphides insoluble id acill solution. Any precipitate 
formed is filterod off, the filtrate freed* from .sulphvn'etted hydrogen 
by boiling and oxidised with aqua regia. The o.xidise<r solution is 
treated? when cold, with ammonium carbonate, until thcyrcsulling 
precipitate only redissolvcs very slowly'; ampaonium acetate is then 
added, the soUition boiled for a short time, and filtered. The basic 

‘ y. Soc, Chtm. 4 nd.^ 18186, 5, 49 and 277. f/icm, Zeit., ^9I2, 36, 961. 

^ y. InJ. En^. Chem.f 1913, S, I’lJ. ^ Z. angew. Ckem.^ 1903, 16, 416. 
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ferric apetate so precipitated carries down some of the zinc, and must, 
therefore, be dissolved in hydrochloric add, and again precipitated as 
described, the operation beingtrcpcated so long as zinc cah be detected 
ill the filtrate. The combinea filtrates are concentrated if necessary, 
and the zinc precipitated in the warm solution by sulphuretted 
hydrogen; the whole is then allowed -to stand for twenty-four hours, 
the clear liquor decanted, and the zinc sulphide filtered off and washed. 
The precipitate and filter arc treated wiih dilute hydrochloric acid, and 
the resulting solution, after [toiling till free from sulphuretted hy drogen, 
filtc^rcd, precipitated with sodium’carbonate, tliei'zinc carbonate well 
washed, dried, and .converted by ignition to ZnO of which one part'i-= 
0-8033 Zn. Tor very exact dete.ininations any silica, oxide of iron, and 
alumina precipitated with the zinc oxide must be estimated and allowed 
for; this, however, is seldom necessary. 

Mayer and Losekann ^ have worked out a method for estimating 
the zinc as zinc ammonium phosphate. . 

7 . Carbonates of the alkaline earths arc occasionally determined, 
since when present they^^causc sulpht-r to -be retaimed, owing to the 
formation of the corresponding sulphates. Since their quantity is always 
small, the carbonic acid cannot be determined accurately by lo.ss, and 
consequently a direct method must be used. The carbonic acid is 
liberated by addition of strong acid and absorbed in scnla lime, taking 
care to retain moisture and any acid carried forw'ard; cither the 
apparatus of Fresenius- or that of Classen ■' may be employed for the 
determination. Greater rapidity and accuracy can be attained by 
measuring the volume of evolved gas in the Lunge and Marchlcwski 
calcimeter* (see p. 615). 

8. Carbon —It is occasionally necessary to estimate the carbon 
present in pyrites, especially in the jiroducts sorted out from coal and 
known under the qame of “coal brasses.’’" This is done, according to 
Treadwell and Koch,® by combustion in-a porcelain bnat, as ni the 
ordinary method of organic analysis, employing a 30 cm. layer of copper 
oxide and 25 cm. of lead pcro.xidc to retain-the "sulphur; or more 
£onveniently rqid in .shorter time by o.xidising with a mixture of 
chromic and sulphuric acids. . For the latter proces,s- they follow the 
method of Corlcis,' passing ihc gas liberated in the decomposing flask 
through a 10 a:m. layer of glowing copper oxide, followed by 10 cm. of 
solid chromium irloxide, and after this through two small U'tubcs each 
containing 3-c.c. of a .solution of chromium trioxide in concentrated 

’ Chem. Zttl., 1886,'10, 729. “ QtiatiMiilni! Analysis, 6tli edition, vol. i., p. 34.. 

Cf. Treadwell, Analytical diemutiy, 5th edition, vol. li., fA 380. 

* Z. anftew. Chem., 1891,4 72c). 

® (y. Vv. Wyld, /'law Matenals for the Manufacture of Sulphuric Acid and the Manufacture of 
Sulphur Dioxide, 1923,^ p. I22. , ‘ ^ Z. any,ew. Chem., 1903, 16, Ik.'S. 

Stahl u. Risen, 1894, 14, 587 ; cf. Vol. II,, “ Iron.” 
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sulphuric acid. After leaving the U-tubcl the gas is passed through a ' 
tube filled wirii glass beads inpistened with sulphuric acid, then through 
two of calciurft chloride tubes, and is fiiiAlly absorbed in two weighed 
tubes filled with soda-lime. The resu]ts obtained in this manner were 
identical with those of the combustion method (26-26 per tent, carbon). 

9. It is necessary in some in; 4 ances to distinguish between Ordinary 
and magnetic pyrites (Pyrrhotite), l''e7.S„, mors especially in the case of 
American ores. To effect .fhis*,» the mineral is ground till it will pass 
through a sieve of ajxty meshes to the inchy'(24 per* cm.), but not finer, 
and the powder spi>jad on a sheet of ijlazed paper. Xhu marrnetic 
py»itcs is then picked out by the aid of a magnet and freed from any 
ordinary pyrites adhering ntechanicallyf by gently tapping the magnet, 
alter i^hich the armature is fixed to rfie magnet and the magnetic ore 
brushed off. This operation is /epeated five or six times and the 
.sulphur separately estimated in the two yortions. 

A .scheme for tire complete ai-ydysis of pyrites has been publi.slmd by 
Vilsbrui)." ■ ‘ . 

. • ! 

• 

IV. Zinc Blende 

1. Total Sulphur.— 0-5 g. of thcivery finely ground sample is 
covered with abbut 20 c.c. of a mixtnj-e of three parts strong nitric acid 
and one part strong hydrochloric acid, or with hydrochloric acid saturated 
with bromine, allowed to stand covered overnight, evaporated almost to 
dryness, and a few c.c. of hydrochloric acid and 50 c.c. of water added ; 
the solution is filtered hot and precipitated with barium chloride, after 
removal of the iron by ammonia, as described on p. 367, should the iron 
be present in any ejuantity. 

According to Thiel,'* the determination of sulphuric acid> in the 
presence of lartjp quantities of zinc alwaj's leads to low results, owing to 
the formation* of complex salts on precipitation with barium chloride 
(with equivalent quantities of zinc tlitf results are 0-33 per cent, too Ibw). 
This source of error may'l:ip avoided if, before the addition of the barium 
chloride, the zinc is exactly precipitated as hydroxide by addition of-* 
ammonia, and the hydroxide subsequenUy dissolved out of the mixed 
precipitate with a slight excess of hydrochloric acid before filtering. 

2. Zinc. —According to the modifieef .Schaffner method How employed 
at zinc works,* 2-5 g. of thl- blende, dried’at 100° anJ rincly ground,Os 
treated with 12 c.c. of fuming nitric acid in an ErlenmcycrUa^' of 200 
c.cy cap^ity, first in the cold and then with gentle heading to msappear- 
ance of fire red fumes, when 20 to 25 c.c. of .strf>ng nitric acid is added 

* • . . • • 

^ Conc,yi Amo. (.'hem. Soc.^ 1896, l8, 404. 

* Chem. Zeit.y 19JO, 34, ^50 ; J. Soc. Ciiem. InJ.y 1910,^^ 560. 

^ Z. anorg. Chem.y 1903, 36 85.* * Communicated by V. Hassreidter and E. Prost. 

# 
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' and thejvhole evaporated to diyness on the sand-bath. Five c.c. of hydro¬ 
chloric acid and a little water arc then added and the mixture warmed 
until as much as possible ha^. dissolved, after which the solution is 
diluted with 50 to 60 c.c. of water,.and the whole heated to 60° to 70°, 
until only g^angue and separated sulphur remain undissolvcd. A 
moderate current of sulphuretted hydrogen is next pas.scd into the 
solution and ro to 100,c.c, of cold water added, little by little, .with 
continuous stirring until the precipitation of fcad and cadmium sulphides 
is complete, which may bV recognised ■ by the transparency of the 
buttes as thpy rise through the sohition. Fxccssivc dilution and too 
slow a current of sulphuretted hydrogen should be avoided. Xhe 
solution is filtered and the precipitate washe'd with 100 c.c, of sulphur¬ 
etted hydrogen water, to which 5 c.c, of hydrochloric acid has^bcAl 
added, until a drop of the filtrate ceasps to give the reaction for zinc with 
ammonium sulphide. The filtrate and washings, which amount in all 
to about 300 C.C., are boiled to remove the sulphuretted hydrogen, 
the complete removal of which is ascertained by lead acetate paper^and 
the ferrous iron then oxiijised by addition of 5 c.c. of, strong nitric acid 
and 10 c.c. of hydrochloric'acid. After partial cooling the solution is 
poured into a 500 c.c. flask, 100 c.c. oft ammonia of .sp. gr. 0.9 to 
O'pl and 10 c.c. of a cold saturated solution of commercial ammonium 
carbonate added, and the whole well shaken and allowed to cool. 

In the meantime an ammoniacal solution of known /.inc content 
is prepared, by dissolving in a 500 c.c. flask chemically pure zinc, 
approximately equal in quantity to the zinc content of the,ore, in 
5 c.c. of nitric acid and 20 c.c. of hydrochloric acid diluted with about 
250 c.c. of water. After solution, too c.c. of ammonia and to c.c. 
of a saturated solution of ammonium carbonate arc .vldcd, the whole 
shaken, and allowed to cool. In the presence of manganese, 10 c.c. of 
hydrogen peroxide is added before the ammonia. When quite.cold, 
both flasks arc filled with water to the graduation mark, aijd the solution 
prepared from the ore passed through a dry, plc,atcd filter paper. For 
titration, 100 c.c. is pipetted from each solution into a thick-wallcd 
^lass cylinder or beaker, and each portion diluted with about 200 c.c. 
of water. The standard solution for titration consists of a concentrated 
solution of commercial sodium sulphide crystals diluted with 10 to 20 
times its volume of water, so that-each c.c. corresponds to 0-005 to o-oio 
g.‘of zinc. The'sodium sulphide solution is al lowed ti; flow alternately 
from two adjacent 50 c.c. burettes into each of the two solutions, at 
first in 2\,r 3 c.c. at a time, and later in such smaller quantitiesras may 
appear necessary; the solutions are stirred and a drop of each solution 
placed simultaneously, by means of thin glass rods, on a strip of sensitive 
lead acetate paper. After ten to fifteen seconds have elapsed, the drop.s 
are washed off by the aid of a small wash-bottle, and tht: titration with 
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the sulphide solution continued until the |lrops taken from eacji of the • 
solutions, aftsr an equal lapse of time, give rise to weak but distinctly 
perceptible biwwn stains of equal intinsiti. Should the volume of liquid 
withdrawn for the tests be appreciable, tne operation must be repeateS ; 
in all cases the end-reactions in the two solutions must bfe ilsached at the 
same time and the readings marie to within 0-05 c.c. 

tf the quantity of pure zinc taken for tlje standard solution be 
denoted by «, the number df c.t,of the sodium sulphide solution required 
per too c.c. of the standard hy h, and the^humber' of c.c. required per 
100 c.c. of the solution of the ore (=*o-5 y. ore) by c, then the percentage 

of'zinc in the ore is given by the formula 

• In very exact determinations a rfpiantity of ferric chloride, corre¬ 
sponding to the iron content of thy ore, should be added to the standard 
solution, to compensate for the zinc carried down with the ferric 
hydroxide precipitate. ^, 

,The zinc may also, and 'perhaps preferably, be determined by the 
ferrocyanide metlipd (see IfZincj” Vol. II.). The solution, freed from 
other metals, and having the', iron precipitated, as for Schaffner’s 
method, is filtered ynto a ^oo c.c. flask; the ferric hydroxide is 
dissolved in acid, repreeipitated, and^’the solution filtered into the 
same flask. After washing the precipitate free from zinc, the solution 
is made up to the mark and an'aliquot portion neutralised with 
hydrochloric acid, an excess of S c.c. of acid added, the bulk made up 
to about 250 c.c. with hot water, and titrated with a solution of potassium 
ferrocyanide solution, till a drop spotted on a 5 per cent, uranium 
acetfi,te solution shows the beginning of a brown colour. The 
ferrocyanide solution contains about 45 g. of the crystallised salt per 
litre, so that l c.c. is appro.ximately equivalent to o-oi g. of zinc, but 
its Vjilue mu.st.be fixed by titration of a solution of a known amount 
of pu»e zinc jn hydrochloria acid. 

F. Meyer ^ treats 05 g. of the ore, in an ordinary flask, with i» c.c. 
of aqua regia (made'up two part.s of Hydrochloric to one part of nitric 
acid), starting cold and T;hln warming, evaporate^ off theyxeess of acid., 
takes up the residue with ici c.c. of sulphuric acid (i : 2), and evaporates 
the solution, to precipitate the lead, until dense white fumes are evolved. 
He then allows the solution to cool, dilutes with 60 to 2 o c.c. of hot 
water, precipitators copper^ cadmium, etc.,.by the addildon ofTo c.c. «f 
sodium thiosulphate solution (i : 8), boils until the solutisn is nearly 
clear, >aijd, after filtering from gangue, lead sulphate^ etc., boiling 
the filtrate with 5 c.c. of pitric acid until the sulyhur has collected into 
globules, precipitates the'iron and alifminium t'Pth 30 c.c. of ammonia 
pf sp. gr. 0-92 ; finally, when nearly cold,, the mangt^nese is thrown 
* ^ Z*angeiL\ Cheou^ 189.^, 7, 391. 
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* down bj» the addition of 20 c.|f:. of bromine water. After standing for 
some time the bromine is expelled by boiling, the solutioi', filtered into 
a^thick-walled beaker, the fiaJk and filter paper partially wa.shcd, the 
contents of the filter dissolved '^in 5 c.c. of aqua regia and collected in 
the flask, the iron, aluminium, and manganese precipitated as before by 
20 c.c. of ammonia solution and 20 c.r. of bromine water, the filtrate 
added to the p'ceeding and the two made up to 500 c.c. The solution 
is then allowed to stand overnight and tilrafrd with sodium sulphide or 
potassium ferrocyanide, as (inscribed above, 

Jcnsch ’ has drawn attention to'the occurrenci' of certain siliceous 
zinc ores which obstinately resist the ordinary methods of treatment'- 
When the zinc is determined gravimcirically, it is necessary, as 
a rule, to separate the zinc from the other metals. The orr'inaiy 
method consists in precipitating as sulirhide with .sulphuretted 
hydrogen in acetic acid solution, or by adding ammonium sulphide. 
In either case great difficulty is experienced in the filtration of the 
sulphide, which readily pas,ses through the filter paper. This difficulty 
may be quite overcome if Murmann’s 'luggc'.rtionof adding a solution 
of mercuric chloride before precipitation be followed; the mixed pre¬ 
cipitate of the sulphides of zinc and mcrcary settles in a few minutes, 
and yields a clear solution on filtration. On ignition, the mercuric 
sulphide is completely cliininated| whilst the sulphide' of zinc is con¬ 
verted into the oxide, even in the absence of a current of o.xygen. 
Hcrting strongly recommends this mode of procedure. He also con¬ 
firms the observation of riath,“ to the effect that zinc may be completely 
separated from iron by a double precipitation of the latter with 
ammonia, especially after the addition of ammonium acetate. - 
On the determination of zinc in blendes, see also Ilcrz,^ Brunck,*' 
Hcrting," and a critical iliscussion in Metall u. Ers, 1920,17 (viii.), 452. 

3. Lead—The metallic sulphides precipitated as above (2) arc, if 
necessary, digested with a moderately cbnccntratcd sodium sillphidc 
solution, the resulting solution diluted, filtered, afid the insoluble matter 
washed. The residue i.s dissolved in dilute pitric acid, the solution 

■-filtered and evaporated with excess of sulphuric acid, to obtain the lead 
in the form of sulphate. One,part l’bS04 = o-6832 I’b. 

4. Calcium and Magnesium fix sulphur during calcination, and 
must consequently be estimated.^ Two to 5 g. of the blende is digested 
by warming witii 50 c.c. of dilute hydrochloric' acid (l : 10), the .solution 
decanted, and the operation repeated once or twice. The residue is 
washed, The filtrate freed from sulphuretted hydrogen by’ boiling, 
oxidised by bromine water, and precipitated with ammonia free from 

^ /T. Chtm,, 1894, 7, 155. ^ 1898, 19, 404. 

^ Chfm, ZiU,^ 1902, 26, 61U ^ /. amrgy Chon. ,1901, 26, 90. 

^ Chon, Ziit., 1903, 27, 339. ® hhld., 987. 
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carbonate. The calcium in the filtrate Jis precipitated in the usual 
way by addition of ammonium oxalate, and, after strong ignition, 
weighed as oltide; the magnesium is cljctermincd by the addition of 
ammonium phosphate to the filtrate fjom the oxalate. (Cf. infra under 
Sulphate.) 

5 . Arsenic, as described abo’je, p. 376. 

, 6 » Carbonic Acid may be estimated as dc.scribcd .under Pyrites 

(p. 382), This estiination.’is of some importance, .since blende occa¬ 
sionally contains sfathic iron'ore and calaiiiinc, in addition to calcium 
and magnesium carbonate. * • . • ^ 

• 7 . Fluorine is determined, according to Frost and ISalthaser,^ by 
mixing 5 g. of the blende Mth powderetl quartz", heating with sulphuric 
acid, --xjndensing the liberated silicon fluoride in water, filtering off 
’ the separated silica, precipitating tbe hydrofluosilicic acid with potas.sium 
chloride and alcohol, and weighing on a tiered filter paper. This method 
gives results from 06 to 0'8 per (;ent. too low. 

Pcin'-^ estimates the fluofihe indirectly, f)-oin the silica separated as 
above. This methed is, however; inexact. 

llullnheimer'* obtained the best results By the following modifica¬ 
tion of the method ^of Frt;s»nius.‘ An Itrlenmcyer Hash of 300 to 
350 c.c. capacity Ts fitted with a rubbe^'stopper, bored in three places, 
for a thermometer and for inlet-and outlet-tubes respectively. To the last 
is connected a U't'j'j'-' with glass wool, and beyond this a Winkler 
cooling worm, which is cooled by immersion in water; a IJrehschmidt 
wash-bottle fillixl with 80 c.c. of potassium chloride solution is attached 
to the worm. The inlet-tube is intended, as in the h'resenius method, 
fur admission of air, previously dried and purified by sulphuric acid 
add soda-lime. About 2’5 g. of the blende is intimately mixed with 
from 3 to 5 g. of powdered quartz, and treated in the flask with 20 g. 
of chromic acit^ and lOO c.c. of concentrated sulijhyric acid. Should 
the clrromic acid bo not ab?olutely dry, it must be mixed with the 
.sulphuric acid before*adding it to, the ore. The flask is quickly 
stoppered, .sliaken, and jveurrent of air passed through, at fir.st in the 
cold, and subsequently with gradual heating to rJ-iout Scb'. When the 
evolution of oxygen begin*s to slacken,,iurther heat is ap[)lieJ, until 
the temperature reaches 150" to 160 ; so’long as oxygen is coining 
off, the current of air may be discontinued. The, reaction proceeds 
sometimes quietly, at othef times violeiUl)^ After thrSt hours’ heating, 
all the silicon fluoride sho.uld have bepn driven over into iITc receiver, 
and notlfing more should be evolved from the absorption ifs^k. The 
oontents»of this flask arc.then emptied out, an yqual volume of alcohol 

’ aiii;ew. Chem., 190I, 14, lOI. Z. umil. C 7 am., 1887, 26, 733* 

Z,aiigew, i90l, I 4 i 103 * • 

* QuantiLative Analysis^ 6ih'edition (1876), vol. i., jj. 328. 
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' added, mixture allowed tj stand for a time, and then titrated with 
jV/io .sodium hydroxide solution, using phenolplithalein as indicator. 
The titration must be done r^<pidly, and the reading taktn at the first 
reddening of the indicator. ' 

8. Available Sulphur —From the total sulphur, estimated as 
directed on j). 383, there must be diiducted :— 

for I part Pb found in \o. 3 0-1595 parts .S, 

„ I „ CaO „ '4:' 0 - 571 2 „ .S, 

„ I „ MgO'' i : 0-7943 n S- 

TRe quantity of sulphur remaining after those deductions is 1,hat 
available for tlic production of culphuric acid. Any sulphur prc.sent as 
heavy spar remains in the insoluble residue from the original extraction. 

CONTROL OF WORKInG CONDITIONS 

The objects to be aimed at in the production* of sulphurous acid 
arc (i) the fullest possible utilisation of the raw material cmploycrlyand 
(ii) the correct admixture of air. 'the former is-controlled by the 
analysis and the appearance of the cinders, and the latter by examina¬ 
tion of the products of combustion. Anemometers find but little appli¬ 
cation at this stage, but may be of great importance during the 
sub.sequeut conversion of sulphurous acid to sulphuric acid. 

1 . liUKNT Ork.—(R esidues after Calcination.) 

Crude or native Sulphur. —.An analysis is scarcely neces.sary, 
since with the small quantity of fixed residue usually present, it is 
apparent to the eye whether combustion has been complete or not. 
.Should it be deemed dc.sirable, the residue is examined by ignition in 
a porcelain dish, or by oxid.ation with aqua regia. 

Gas Residuals.—The re.sidues in thi.s case contain iron oxide and 
frequently lime also. The presence of the latter renders a determination 
of the total .sulphur of little value; the axailablc sulphur must be 
■ estimated by the method given on p. 364. 

Iron Pyrites.—The sulphur in pyrites cinders may exist cither as 
sulphide or as sulphate. 'In pyrites containing lead or zinc, it is 
impossible to decompose 'completely the sulphates of these metals 
ill the kiln, whilst with cupriferous pyrites tlic complete buniing-off of 
the sulnluir is not desirable in, view of the subsequent working up of 
the buniv ore fo’r copper by the "chlorinating roast,” and the”'burnt 
ore may contain, according to circumstancos, from 3 to 5 qier cent, 
of sulphur; in burnt ere from mixed pyrites there may be even larger 
quantities. Qn the other hand, with pure iron pyrjtes, the sulphur 
may be reduced to i per cent., at all events* in the case of “smalls.” 
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As a rule, only the total sulphur is r^terminecl in the burnt ore; 
in the case of’cuprcous pyritos the coppe*, and less frequently the iron, 
is also determined. / ^ 

Sulphur. The wet method (p. 366/is seldom employed for this 
determination, partly because it is more trotible.'onie than in the 
case of the ore, and also becaufc rapid dry mcthod.s which are avail- 
•ablc'are sufficiently accurate {cj. p. 371). If the cinderj arc intended 
for use in blast . furnacc.-r, Jgfie ' states that tlm dry mcthod.s of 
determination should alway^ be used, :■», the wet methods do not 
give the total sulpht^r; this has been Confirmed by GottJieb."^ Many 
of^hese dry methods are, however, untrustworthy lor not sufficiently 
convenient. 

Tl.*; method i)roposed by lidekiflann is as follows:—A sample of 
the burnt ore from the kiln.s is itaken every twelve hours, each kiln 
being provided with two sample boxvs, one large and one small, 
numbered to correspond to tha ddhi. 'I'he samples are in thp first 
inst'clncc collected in the smaller receivers apd brought in these to the 
laboratory, where "they arS trjisferred to the corresponding larger 
bo.xcs. At the end of the week’s working^a good average sanqile is 
drawn from the Jatter, brok(fn down in an iron mortar, the coarsely 
ground sample so obtained divided b;» quartering on a' piece of .stout 
paper, and one !>( the quarters finel\{ ground and sieved. The ground 
samples arc filled into bottles, also numbered to correspond to the kilns. 
Finally, several grams of each sample arc ground in successive small 
portions in an .agate mortar until no grittincss is felt on rubbing between 
the fingers. 

Ffir the sulphur determination 1-5 to 2 g. of the very finely ground 
m’atcri.il is weighed off, and mi-xed with about 25 g. of a mixture of six 
))arts sodium carbonate and one part potassiuih chlorate; this mixing 
is done in a large platinum dish, by the aid of an agate pestle fixed to a 
wooden handte. The mixture is then fused over the blowpipe. The 
melt is allowed to coortill only just 'i'.ar^n, then covered with hot u'ater, 
heated to boiling, anckMajith the solution and the insoluble residue 
washed into a 250 c.c. flask. The contents are c«olcd, rrpide up to the 
250 c.c. mark, and J of the solution fiitcred through a pleated filter 
paper into a 200 c.c. flask. The insoluble Jiortion of the melt (oxides 
, of iron, copper, etc.) only occupies a small volume, ajid it is unirccessary 
to make any correction fo*r this. The solTition is acidffied with hydrb- 
chloric acid and the sulphuric acid j;.stimatcd in the usffal manner. 
BcvKmann also suggests the use of this method for the det^mination 
6f sulghtir in pyrites, takspg in that c^se 0-5 g. ef the sample. 

The method devised by Watson’* is much mere rapid than.that of 

* Chet^, 2p, 362. ^Ihd.y 1905, 29, 688. 

® J, Chem, /wr/., 1888, 305. 
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' BockmSnn, but it is unsatisfictory in its original form, owing to the 
difficulty of preventing the |.very finely ,dividccl oxide of iron from 
passing through the filter andytherfby interfering with the end-reaction 
of the titration. Lunge ^ has modified the process so ns to overcome 
this difficulty, whereby the method has been rendered convenient and 
rapid,and accurate to within 0-2 percent. The Watson-Lunge method 
is as follows 

Exactly 2 g. of sodium bicarbcnatC' of known alkalinity is 
intimately mixed by means of a flattened glass rod with 3-2 g. of the 
grountl cinders in a nickel crucible of 20 to 30 c.c. rapacity ; the mixture 
is heated for ten minutes over a small gas flame the tip of which Just 
touches the bottom of tlic cr'icible. Th6 crucible must be covered 
during this p.reliminary heating, and the contents must not be dis¬ 
turbed during this period lest some of the material be carried away by 
the gas evolved. J‘'inally the heating is continued for fifteen minutes 
over a larger flame; the mixture Ls stirred frequently during this 
period, and the temperaturp must not be allowed to rise sufficiently'high 
to cause fusion. ! 

To [ircvont absorption of sulphur from the combustion products of 
the gas, it is best to support the crucible Ln a hole cut in an obliciucly 
placed asbestos card, as shown in Fig. 173, p. 332, or in a fused silica 
plate. The arrangement projjosed by I). Pfeiffer - is pel haps [ireferablc. 
By the action of atmospheric oxygen the sulphur is converted into 
sulphate at the cost of a corresponding quantity of the bicarbonate. 
The contents of the crucible are emptied into a porcelain di.sh, the 
crucible washed out with water and the solution boiled for ten minutes 
with the addition of a saturated solution of sodium chloride; without 
tliis addition it is difficult to prevent some oxide of iroiii passing through 
the filter paper at a later stage. The insoluble residue is then filtered 
off and washed imti! free from alkali, the filtrate roolcd, and the 
unchanged sodium carbonate titrated with normal hydrochloric acid 
(of 'which 1 c.c. = 0053O g. Na.CO.,, corresponaing to 0-01603 g- F)i 
using methyl orange as indicator. If 2 g. biotirbonate require a c.c. of 

^normal acid giid the ifinal solution requires/'c.c., then the percentage 


content of sulphur = 


The method is,, not applicable to pyrites containing much zinc 
[cf. p. 393), nor to /.inc-free cfndcrs which contain 6 per cent, or more of 
sulphur. For the latter the following mixture must be substituted for 
that giv^i above,-in order to ensure complete oxidation and at the'sume 
time to guard against fusion—i'Co3 g. of the sample, 2-0 g? sodium 
bicarbonate, 4 g. potassium chlorate, and 2 to 3 g. ferric oxide, free from 


^ Z. angeiv. Chm., 1891, 5, 447. Cbem. I9'‘4> 28, 38. 

Lunge, /. mgero, Ornn.^ 19061*19, 27. 



sulphur. The determination is otlicrwfec conducted as abpve; the* 
sulphur percentage — a — h. , I 

The sodium chloride employed Vnus/bc quite pure, that is, not only 
react perfectly neutral, but also be Q-cil from calcium and magne.sium 
chlorides, which, if present, would naturally fix a corres[foi1ding quantity 
of sodium bicarbonate. * 

Conner' heats l g. of the finely pounded .sample, iq a combustion 
boat, in a silica.tube at jOodi» and passes a current of air, free from 
carbon dioxide, t^irough the ^ube. The \vhole of‘the sulphur is burnt 
out, and the oxides,furmcd are absorbed in iV/'io sodium, hydroxide, 
tlic e.xcc.ss of which Ys determined after the combustion is ov?r (about 
fifteen minutes) by titraticA with rV/iaacid an'd phenolphthaleiii. 

Ltft and Moore" apply the sodium peroxide method (p. 371) to 
burnt ore. , 

The following process is erflidoycd. in one of the largest French 
works for the regular daily control of the calcination; it enables a large 
number of sulphur tests in burnt ore to be^carried out simultaneously, 
and the results are obtained }n a comparatively short time. The 
method depends upon the fact that at a rc;i’ heat hydrogen will decom¬ 
pose all sulphur cor8])oimd,s «3f iron with the formation of sulphuretted 
hydrogen. The sulphuretted hydrogen so liberated is passed into a 
standard soliitrtjii of silver nitrate, and is estimated by titrating back 
the excess of tliis reagent according to Volhard's method (p, 74). The 
test is carried out as follows :—.Several porcelain tubes, closed at both 
ends by non-vulcaniscd rubber stoppers carrying glass tubes, are 
arranged in a furnace heated by a six-fiamed lUinscn burner. The 
glas.s tubes arc connected at the inlet end with a hydrogen generator 
by means of corresponding number of lengths of rubber tubing 
furnished with screw clips; the outlet picxes arc connected with 
vertically bcni^ tubes which dip into small test-glasjcs. The hydrogen 
iiscd*must be freed from aify accompanying sulplruretted hydrogen by 
washing with silver bitratc solution. Each set is numbered, aiul the 
porcelain tubes, stopp^Ts^ inlet- and outlet-tubes and test-glasses are 
marked to correspond. , ^ 

A preliminary test is iTrst made to ejisurc that no prccipitatt results 
when the hydrogen is passed into the .silvtr nitrate solution in the test- 
glassees. When this has been ascertained, cxact^ 1 g. of the finely 
ground cinders’is weiglted into a numbered porcel«in boaf^the beat 
pushed to the marked position in Uie porcelain tube by^mcans of a 
g'ass rftd, and 25 c.c. of silver nitrate solution (cwntainil^g' I0'604 g. 
'AgNO^, corresponding!to 3'65 g. NaCl per Ijtre) placed in each test- 
glass*. Whcik all the weighed samples arc ‘ij'v position a current of 
•hydrogen is jr^sed through the tubes and regulated by means of the 
' /. 1913; S, 399. " /. /«(/. Eng. C/iem.^ 1916, 8, 26. 
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' screw clips to two to three [(ubbles per minute. After ten minutes 
when all the air has been (expelled, the; furnace is heated, at first 
gently, and then gradually rai\;pd tO a red heat. After one and a half 
hours’ heating, the eliminatiolr. qf the sulphur is complete. This is 
shown by no further cloudiness appearing in the silver nitrate solution, 
and by the improved and satisfactory! settling out of the black pre¬ 
cipitate of silver sulphide. The gas supply to the furnace is then 
gradually reduced, and the hydrogen ourrert interrupted. The test- 
glasses are removed in turn, and without filtering 'off the precipitate, 
I c.c. of iron,indicator (2-5 g. fcrric'nitratc dissoltsea in 100 c.c. nitric 
acid of sp. gr. 1-38) is added, and the solution immediately titrated 
with ammonium thiocyanate solution to permanent redness. The 
thiocyanate solution contains 4752 g. per litre, and >Jiould 
correspond exactly with the silver nitrate solution. If the number 
of c.c. of ammonium thiocyanate required be denoted by a, then 
the percentage of sulphur in the pyrites cinders is given by the 

2S-(r '• 

expre.ssion - -q-. 

Copper is estimated in dje Duisburg works as described on p. 379, 
except that only l g. of the sample is employed, and solution effected by 
hydrochloric acid, to which a fev; drops of nitric acid have been added. 
Further, no deduction for bismuth and antimony is liiade from the 
weight of copper obtained by electro-deposition.' 

List'^ ignites 5 g. of the cinders with 5 g. of sodium bicarbonate in 
an iron crucible, a treatment which renders the iron oxide readily 
soluble in strong hydrochloric acid. The copper in the solution thus 
obtained is estimated as described under pyrites (p. 379). 

Iron. O'5 g. of the burnt ore is taken, and the iron brought into 
solution by prolonged warming with strong hydrochloric acid ; the 
boiling solution is .then reduced by zinc free from iron, or, more con¬ 
veniently, by stannous chloride, any cxcess'of which is removed by the 
addition of a small quantity of mercuric chloride, ’ The ferrous chloride 
solution so obtained is titrated with A^ip '.ootassium dichromate 
^solution, using, ferricynnide as indicator, or is poured into 500 c.c. of 
water, to which has been added 20 c.c. of a solution containing, in a 
litre, too g. of manganous sulphate, 500 c.c. of 1:3 phosphoric acid, 
and 200 c.c. of concentrated sulphuric acid, and which has then been 
coloured pink bytiic or two drops of pota,s.siur.'i permanganate solution. 
The iron cx/Htcnt is arrived at by titration with A'/io potassium 
permangaf.kte solution, of which each i c.c. equals 0'0056 g. Fc, of^om 
0-5 g. of burnt ore, M2 per cent, of iron. , 

Zinc Blende —Experiments by Lunge have shown th?.t the Watson- 

" ’ Cf. Fresepjub, Z. anal. Chem.^ 1877, 16, 338. 

^ Z. angew. Chan.., I 903 ) 16) 
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Lunge method (p. 389) for the deterraimition of sulphur in byrnt ore 
is not applicable to roastecj blende; Aibsequent investigations by 
Lunge and J^tierlin' have, however* pro/ed that the oxidation can be 
satisfactorily effected by the addition /of potassium chlorate to tl*e 
sodium bicarbonate. 3-206 g. of the finely powdered and Sieved sample 
is mixed with 2 g. of sodium bicarbonate and 2 g. of finely powdered 
.pota?;sium chlorate and heated for thirty minutes in a nickel crucible 
over a flame 3 to 4 cm. high, flje tip of which is 2 to 3 cm. from the 
bottom of the crucTble ; after jliis interval J;he heafing is continued for 
a further twenty miputes with a bijjger•flame, so that tl\e.bottom of 
th(*crucible is reached by the tip, and finally for ten <ninutes more with 
a still stronger flame, so that the bottom of fhe crucible is red hot, 
but without fusing the contcnt.s. The mass is then extracted and 
' titrated as described under the W-'ttson-Lunge method (p. 389). The 
method can also be applied to tinburntj (green) zinc blende, if 2 g. of 
sulphur-free oxide*of iron be jdded to the above mixture for the 
dCcsmposition. 

A.s an alternative the Sulph'Jr may be estimated gravimetrically, 
following the method de.scribed under >tiw blende (p. 383). The 
precipitation of the iron by simmonia may be omitted in the ordinary 
routine testing at works. (' 

Nitchie- plaecs i g. of the sample in a combustion boat, and heats 
it electrically in a silica tube to 1000° in a stream of air free from 
carbon dioxide, absorbing the sulphur oxides so produced in a measured 
volume of N/io sodium hydroxide solution suitably diluted. When 
no more zinc fume is seen (usually after about six minutes’ heating) 
the e.siccss soda is titrated with Njio acid and phenolphthalein. To 
tile sulphur determined in this way must be added sulphur equivalent 
to the lime in the sample, if the total sulphur is required. 

A- rough gujde to the progress of the calcination qonsists in treating 
the calcined ore in a flask \?ith 10 c.c. of hydrochloric acid (i : 2) and 
testing the evolved g!ts with ncutraj or slightly alkaline lead ac«tatc 
paper; the extent of,the calcination is judged by the degree of 
darkening obtained.^ This test is employed by the foreman in the . 
furnace room. * • . . - 

Ziitc is estimated as on p. 383. 


II. Examination of tiik Kiln Gases. .. 

This examination extended formerly only to the* detcrminatio’nTif 
fhe pe,rc^ntage volume of,sulphur diojdde in tte gases, and was usually 
• » • 

^ Z. angnv. Chem.y 1906, 19, 2i. • 

J. /«i<i Eng. yhem.y 1912, 4, 30 ; /. Soc, Chfm^lnd.^ I 9 I 2 i 133 . 

^ Meyer, Z. angeiv, 1894 , 7393- 
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carried'put according to Relth’s method,’ the apparatus recommended 
by Lunge being as a rule deployed (cf. ijifrd). It has, however, been 
proved that the kiln gases a^vay:. contain sulphuric anhydride, which 
may either be useful, as in tl;e manufacture of sulphuric acid, or 
harmful, as in the preparation of sulpliite liquor for use in the wood- 
pulp industry. The quantity of sulph'ir trioxidc present may reach to 
per cent, of tlie sulphur.content of tlic gas, and as it is not estimated, 
in Reich’s method of testing, the conclusions drawn as to tlie proper¬ 
ties of the gas from the determination -of the suli>liur dioxide alone, 
may be quite erroneous, as has been shown by F, Fischer - from other 
considerations. , 

Lunge conse(iucntiy recommends the estimation of the total acidity 
in the gases, that is, SOj-l-SO.., by passing them through a solvj:ion of 
sodium hydroxide, coloured by pheiiolphthalcin, until the colour dis¬ 
appears, instead of merely passing them through iodine solution. Other 
indicators are not suitable; phcnolpjithalcin is the only one which 
indicates the simultaneous formation of sodium sulphite and sodium 
sulphate from the mixed gases. In tlie manufacture of sulphuric 
acid the Lunge test ish^gcnerally sufficient for works purposes; 
Reich’s test may, however, if desired; ,be employed in addition. 
Both tests should be carried out in the preparation of sulphite 
liquors, and al.so when the kiln gases arc worked for sulphur 
trioxide and only the residual sulphur dioxide goes into the lead 
chamber-s. 

Reich’s method for the estimation of Sulphur Dioxide _The 

kiln gases are drawn by means of an aspirator through water to which a 
measured quantity of iodine solution and some starch solution have 
been added. The end of the reaction is indicated by the disapfiearance 
of the blue colour. The volume per cent, of sulphur dioxide in the 
gases is calculated from the quantity of iodine solution employed and 
the volume of water aspirated, this lattCi being the equivalent of the 
non.iab.sorbable portion of the gas. 

Lowe’ uses an iodide and iodate solution made by adding 127 g. of 
iodine to 30 g, of sodjum hydroxide dissolved in water and diluting to 
10 litres. A known quantity .is used for the absorption, and after the 
passage of a measured volume of the ga.scs the liquid is acidified and 
titrated with thiosulphate. The difference between the amount of 
thij-jul[ 4 hate u.svnl and that- reciuired by the samet quantity of the 
original so^.ution corresponds to the sulphur dioxide absorbed. 

T. ReicL “/t/f' hlhen^/’n Vtt-iuche zur Besejhgiin}^ des schiidtuhen KwJIussez dis 
rauches Lei den fiskahschcn lluUenwerktn zu Freiherg, Ficibe’'^’’, 1858.” Spt'fial i jiritit fror.1 
Berg und Hutten Znlung; cf.^ aiso Winkler, industne-Gase, vol. ii., p. 350 ; and W. Wyld, Raw 
Materials'for the Manufachire of Sulphur k A ad and the Manufacture of Sulphur Dioxuie^ ^923, 
p. 471 - .. “ 1885,25c, 28. V 

^ Z. angew. Chem.^ 1890, 3, 563. * /. Sol. Chew, hid., 1921, 40, 163T. 
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' * 

llie bottla A has a capacity ot about doQ c.c., li a cajoacity of 
f *1000 c.c. Afty removal of the rubber stepper (f, A js filled with dis¬ 
tilled water to about*a quarter of its capacity, and starch solution, sodium 
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' bicarboDnte, and sufficient icdine solution to produce a strong blue 
coloration added. The sodimn bicarbonate increases tHe ab.sorptive 
capacity of tlie iodine soIutionV and at the same time overcomes any 
irregularity likely to occur I'l the course of the reaction. The 
bottle H is Tilled almost comolctely with water, and the cork c is 
then fitted in the hole especially made *n the gas-main for tlic purposes 
of the test. 

It is first neces.sary to test whether tfic apparatus 's perfectly tight. 
With this object the spring cHp jn is closed and the'clip i opened ; the 
water should then only flow for a very short time. Should the water 
continuc'to flow th; apparatus is not air-tight, and the leak must 'be 
located and repaired. ' 

The rubber tubing h and the tube a arc then filled with the kPn gas 
to be examined. To effect this the cl'p w is opened and then the clip i 
sufficiently to allow the water to flow slowly out and the gas to enter in 
single bubbles through a and rise to the surface of the liquid. As soon 
as dccolorisation takes place the clip i is closed and lo c.c. of A'; fo 
iodine solution is added through the opening d. 

Before starting a test, thbegas to be examined must first be syphoned 
to the lower end of the tube a, so that the af-r contained in the 
vessel A may be at the same pi issiire as that obtaining in the subse¬ 
quent operation. This is done b,v cautiously opening'the clip f until 
the kiln gas is drawn to the desired point. The clip is tiicn closed 
quickly, the water collected in C thrown away, and the measuring 
cylinder again placed in position. The clip i is then opened with the 
one hand and the flask A shaken with the other until the colour of the 
solution disappears, when the clip is closed and the volume of the water 
collected is read. 

The reaction proceeds according to the equation 

I, + S0.^ + 2H,0 = 2l[I-; ILSO.,. 

Consequently the lo c.c. of icdir.e solucioii employed ( = 012692 g. I) 
corresponds to 0 03203 g. SOo, or to 10-93 r.c. of SO., measured at 0° 
■ and 769 mnp. Assuming that 128 c.c. of waiter has been collected in 
any one determination, this ^corresponds to 128 c.c. of non-absorbable 
gas drawn through the iodine,solution. The total volume of gas 
aspbated. is, therefore, i28-f 10-93= t3S'93 (C.c., and the percentage 
volume of SO., ■— 

u V io- 9 'i X loO 0 

-1 " ■ —^ 8 per cent. 

•38-93 

This,, calculation is avoided by making use of the following 
table:— 
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•in, this tabic no account is taken of variatipns ib temperature and 
tjaroinctric pressure; should it be desired to correct for these, tlie 
voluir* read off is reduced to o’ ahd 760 mm. by Tables II. to IV. 
(Appendix), and the percentage volume of sulphur dioxide taken from 
the corrected volume by the above table. The necessary addition for 
the volume of the Absorbed g.a.s1s included in the table. 

^Reich’s method i.s not applicable to gases containing more than 
very small quantities of nitrogin acids. It cannot, for example, be 
employed in the case of gases’leaving tbc chamber system, since the 
nitrogen acids cqntaflncd ii> Aese would re-oxidise the hydriodic acid ; 
but Raschigi points out that the ad/ition of sodium acetate to the 
iodine causes tl'e formation of sodi'jm nitrite and acetic acid, and the 
iodine under these circumstances is decolorised solely by the sulphurous 
acid. (A subsequent titration of total free acid allows of the 
approximate determination of the nitrous acid.) 

Reich’s method gives the percentage of sulphur dioxide only during 
the sliort period of the test. Haller “has worked out a method which 
will give the arTeragc value over any period of time. He aspirates the 
gas (measuring, of course, the volume .so aspirat'ed) through a to per cent, 
solufmn of sotiium hydroxide to which 5 per cenK:. of its volume of 
glycerin ha^ been added. The addition of glycerin completely 
prevents the oxidation of the sulijiufous acid. The sulphuroii.f acid 
is then determined by*flciitrali.sing the solution with hydrochloric acid, 
and then adding sufficientexces.s to ensure that* the liquid at J:he end- 
of the titration shall contain 15 percent, of HCl, and titrating with 
potassium iodate solution.^ A globule jf chloroform is used as an 
indicator; this dissolves the iodine, first liberated, aiftl is .gradually 
decolorised as the addition of iodate converts this fnto iodine moho- 
chloridii The last iiortions of iodiite must be added veij gradually, 
wfth tlrorough shaking between, or there is a lialaility to oversITOOt 

• I 

• * * ■ V 

' Z.Te/.crit;. Chem.^ 1909 , 22, I182 ; /. Soc. Chem. //ft/., I909,,^8, 706. ^ 

- /. rV/^/n. />/</, 1919,38, 52T. , 

■1 J.iiniesoii, Amcr.J.^Scu, 1914, 38, 166. 
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Cubic Ceutimutros 

Volume per cotiL. 
8O0 

in RlIufGas. 

r" 

Cubic Cptimotrea 

Vulumo por cent. 
KOo 

iu Kilti Gas. 

■\Vatef collecteil. 

• 

Waler lollcciotl. 

80'1 

12 


8 

84-1 

11-5 

134-8 . 

l-Z. 

88*4 

11 

J145-2 

7 

08-y 

10-5 * 

'167-2 

6-6 

98’4 

10 

171-2 

6 

lO-l-l 

9'5 

187-8 • 

6-6 

llO'y ^ 

. 9 

207-3 

5 

117-7 \ 

8/ 
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manufactur'ii of sulphurous acid 

. the end-point. The iodatei solution is standardised against pure 
iodine ; the equations are 

4 I + KIO3 + 6IhCl = KCl + 5 ICI + 3H/); 
aiid h 

K'I03 + 2H^.S03-i-2lICl - 2 lLSO, + KCI + ICl + llT). 

Lunge’s method for the estimatioh of Total Acids (SO.j + SOu).— 
The above apparatus may be employed, but the glass inlet-tube to the 
absorption flask should preferably -be closed at the 
bottom, and' the portion immersed in the solution 
pierced with a'number of small holes to subdivide the 
stream of gas (Fig. 190). The gases are conducted 
through a solution of A710 sodium hydroxide solution 
coloured with pheholphthalcin until the colour As just 
discharged, the flask being continuously shaken during 
the absorption.' The total acidity is usually calculated 
to sulphur dioxide by moans of the table given above/ 
BerF- adds to the absorbing liquor lO c.c. of a 
, -„Vu molar solution of Stannous chloride. Thi.s prevents 
oxidation olSMic sulphur dioxide, which can be titrated 
by iodine after the total acidity has been determined. 

Errors may arise with both methods under certain conditions, owing 
to the presence of arsenious acid,'.vhich accumulates in the absorption 
tube; they are best guarded against by filtering the gases through 
asbestoi). 

Lunge employs the absorption bottle shown in Fig. 190, both for 
this test and for that of Reich. It has a capacity of 410 c.c., and is 
charged with 230 c.c. of water, lO c.c. of V/lO sodium hydroxide solution, 
and 3 drops of phenolphthalein solution, for the total acidity determina¬ 
tion. The gas is not aspirated continuously, as dc.scriiied above, but 
intermittently in such fashion that a volume of gas, much smaller 
than the free space in the bottle, is syphoned over, allowed to stand 
over' the solution, shaken for ’iibtut half a minute, then a further 
quantity of gas drawn over, and so on. A lengcr period of shaking is 
•especially necessary lowards the end of .the absorption, and it is 
advisable to place a white ground below the flask to facilitate the 
observation of the colour change. 

Richjer^ determines sulphur trioxide in furn.ace gases by condensa¬ 
tion.’ A tube 6t refractory glass surrounded by an iron jacket is 
connected with a vertical absorpt'on tube 30 to 40 cm. long, changed 
vTTin pieces of broken porcelain surmounted by a layer of garnets, plugs 
of glass wool being packed above and below the charge. The tube is 

€ ^ For '"t/rther details, c/. Lunge, Z. anf^ew, Chem., 1890, 3 i 

^ Chem.^Ztit.y 1921, 45 i 693; J, Soc, Chern. Ind.^ 1921, 4^1 
^ /. angew. Chtm.^ igijS, 26, 132 ; /. C'/ww. /ud., 1913, 32, 285. 
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surrounded by a freezing mixture, and l^e iron-jacketed tube being 
inserted in th« flue of the furnace, a v^:r^j slow current of the gases is 
drawn through the apparatus, and ‘ts quantity measured by means of 
an aspirator. The gas should be passed^ at the rate of about l litre fti 
twenty-five minutes, ami when a snfficieut quantity has bocn treated, a 
current of pure air, dried by phe^phorus/ pentoxide, since concentrated 
Sulplujric acid yields small quantities of sulphur trioxidc to the air, is 
drawn through to remove jfll tr;ices of sulphur dioxide. The contents 
of the condensation tube art/ then washed out with water and ttte 
sulphuric acid is precipitated as barium sulphate. The condensation of 
thc%sulphur trioxide »in a sufficiently long 
absorption tube is practicallyrpiantitativu, and 
tlTere i.-^no necessity to use a second Xube as 
a precaution. , 

In the Thirty-fourth Report’of the In¬ 
spector for Alkali .Works (i8yx, !'• 32), an 
al»»rption flask is described which gives 
good results even yi the most diijficult cases, 
such as, fur example, the absorption of acid 
fog. It cannot be Ujcd for^ 'Tdine solution, 
owing to tire presence of rubber, but^it is 
very suitable for the Lunge test, for the 
estimation of hydrochloric acid gas, and in 
many other cases. The apparatu.s is shown 
in Fig. igi in half the actual size. The 
flask is fitted with a rubber stopper provided 
with an inlet- and exit-tube as shown. The 
fcT/mer is 8 mm.,wide, closed at the bottom, 
and pierced with a number of small holes, . 
through which the gas passes to the double 
bulb, •which js attached mean.s of a 
rubber .stopper. The* upper bulb is filled 
with small cuttings "of rubber tubing, which 
are kept in motion by the .stream of gas, which.is thus^ brought into 
very intimate contact with*the absorbing solution; the lotver bulb is 
open at the bottom. The success of the a;»paratus depends largely on 
the correct dimensions being adhered te, thtis : the lower curening of the 
double bulb is 6 imm. in dmmeter, the lowor bulb 15 m«. and tlit nj^^r 
18 mm. in diameter, and the upper opening through which.lhe inlet- 
tube pasies 13 mm. wide. The gas passes from the Uulb inti- th?Slij£i> 
tjirough^everal small holes, and finally leaves ij through the exit-tube, 
which "is narrgwed below and wideiTed abovS.to foiun a cylindrical 
^chamber; the lower, narrow portion is filleci with the ry^^er rings and 
the upper, wider portion with glass wool. Whfin used for tl\absorption 
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of acid vapours, the exit-tu|ie is moistened with water coloured by 
methyl brange, which serves o indicate whether complete absorption is 
being effected in the bottle. ' i 

• Lunge ^ has proposed to determine the acidity of kiln gases by 
measuring their speci§c gravify, a method which might be developed 
to give a continuous graphic .record of the operation of the furnace. 
Differences of l per cent, of sulphur dioxide by volume affect the value 
of the specific gravity in the .second decimal place, tho.se of O'l per cent 
ill the third decimal place. Such merfmrements rhight be made by 
a modification of the Lux gas balance, which, however, as at present 
constructed is not; suitable for use with acid grscs, or by the aid of 
F. C. Muller’s- method of det-ermining the density of gases. The 
“Ados” apparatus for the examination of flue gases might also be 
employed; this proposal, however, docs not appear to have been 
worked out. 

For the estimation of very minute amounts of sulphur dioxide in 
air, etc,, sec Sweeney, Outcault, and Withrow.“ 

III. t^iNisiiED Products 

Thc.se comprise, first, soludons of sulphurous aivhydride in water, 
which, although seldom appearing on the market, arc frequently 
obtained as intermediate product's in many works, :ls, for example, in 
Hanisch and Schroder’.s process for the preparation of liquid sulphurous 
acid; secondly, liquid anhydrous sulphur dioxide; thirdly,the “sulphite 
liquor” of the wood-pulp industry, a solution of calcium or magnesium 
sulphite in aqueous sulphurous acid containing more or Ic.ss suluhuric 
acid. 

Solutions of Sulphurous Acid.— The determination of free sulphurous 
acid, or of that present as bisulphite, may be made acidimetrically 
by titration with li'ormal alkali hydroxide .solution, bearing in mi*'.d the 
behaviour of the indicator employed. Of the ordinary indicators, litmus 
is quite unsuitable, phenolphthalcill gives the colour change to red when 
the normal salt, NajSO,,, has been formed,'whilst with methyl orange 
the. change to yellow corresponds to the formation of the acid 
sulphite NaHSO,. In the‘'absence of other acids (for example, 
sulphuric acid, which, if present, may be detected by barium chloride 
in, hyd'—chloric acicT solution) each l c.c. of normal alkali used will thus 
correspond to 0-03203 g. SO.,, when phenolphthalein is used as indicator, 
and. 0-05406 g. SOj, when meti.'yl orange is employed. Should free 
's’uFphuric acid or other strong mineral acid be present, the sulphurous 
acid may be determined along with the stronger acid, by titrating two 

, t-F 

^ Chem.^ 1899, 3, 567. Und., 5^3. 

^ f. Ind. Eng. Chem.^ 1917, 9, 949 ; J. Soc, Ind.\ 1917, 36, 1233. 
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portions, the one with methyl orange, and the second with ,phenol- 
phthalein as ifidicator. Less pormal alkaj will be used in the first than 
in the seconS case, in accordance' with the behaviour of the two 
indicators towards sulphurous acid, ‘|Thc difference between the 
number of the c.c. used in the two caset, multiplied by'o'oC4o6, gives 
the quantity of free sulphur di-sxide hi grams ; the remaining alkali 
eorre*ijonds to the free strong mineral acid. 

An alternative^ method, of bstimating free sulphurous acid in the 
presence of other tree non-reefucing acids,,consists'in running the acid 
into iodine solution, observing the 'precAutions given on n..,.6y. One 
c.c.WV/io iodine solution corresponds to 0-003203 gi SO,„ Instead of 
iodine, hydrogen peroxide 'may be usAd, and the excess of peroxide 
determined by JV/io solution of pota.!sium permanganate, by which the 
peroxide has originally been standardised.’ Air-freed water must 
always be used for dilution in thi^ rnethoj.!. 

Pure aqueous solutions of SLjlphurous acid may also be tesfed by 
de^rmining the specific gravity; further ijiformation on this pi.iint 
will be fouiKl in W. Wyld, 'AVrru '^latcviah for ihc Manufacture of Sul¬ 
phuric Acid and the Manufacture of SulpUir Dioxide, p. 180. The 
following table, published by* Giles anel^Shearcr,^ gives the specific 
gravities of solutions containing from 6-99 to 13-09 per cent. SO.,. 


. 

Sin'dihc 

U. 

Per pent 

t 

Hjiiicilu: 

I’oni]) 

I’ci cent 

I^iaviLy, 

bOm 

|.'riivit.y. 



1-0051 

15-5 

0-09 

1-0399 

15-5 

8 08 

roi02 

15-5 

lJ-05 

1-0-13S 

15*5 

8-68 

1 01 18 

15-5 

2-87 

1 -0492 

15-5 

9-80 

1 UliO t 

ITiT) 

4-01 

1 ‘0511 

15-5 

10-75 

T0;i:i2 • 

15‘5 

4*99 

1-0597 

12*5 

11-65 


15-5 

6'80 

1-01568 

n 

13 09 

1-0358 ^ 

]5'5 

7-01 
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Liquid sulphur diqxide may be examined in exactly the same way. 

as solutions of sulphurous acid. Tile ’contained sulphuric acid may 
sometimes amount to a* rfiuch as 20 per cent.’ 

Properties of liquid sulpifnroHS anhydrife :— ’ ' 


1 


1 At O’. 

1 

• At l!f. j 

1 

Also. • 

i 

'- - . • -. 

1 


.. 

. — 

I Specific giavity . 


1-434 

1-391 

1 1-340 - 

f Vapour lensioH . 

. 

1-5 

»• 2-7 

4-5 Atmos, s 

J 


One kg. corresponds to a gas volume of 342 fitses aL.g" and 7^0 mm 


^ Craig,yi Soc, C/km. 1919, 38, 96 T. ^ ^'oc. Chitn. ///*/., ^^5, 4, 503. 

Fapier^Zeit,^ 1892, No.^2. 
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Critical temperature, l55"-4; .critical pressure, 78-9 atm.; boiling point, 
at 760 mm. pressure, —11°; ijielting point, —76". 

Sulphites.—The normal sulphite and the acid sulphite present in 
sulphites (solid or in solution)|'m?y be estimated as follows. The total 
sulphurous acid is determined' by titration with iodine, and the acid 
sulphite by titration of a second pt rtion with standard alkali and 
phenolphthale’n. 

NallSO.t-NaOH = F.Ts6. + H., 0 . 

" t, . ^ . 1.' . 

One c.c. normal sodium b3'dro.xi(!e solution corresponds to 0 03203 g. 
SO, preset-T. as acid sulphite. 

If the quantity of sulphurous acid present in a solution cxcceds-diat 
necessary to form bisulphite, tile solution 'Is first titrated with normal 
sodium hydroxide and methyl orange until the red colour changes, 
phenolphthalein is then added, and the titration continued till the 
red coloration appears. Mach 1 c.c. of the alkali required with methyl 
orange corresponds to 0'OC4oC g. SO.j in the free comlition, and each 
further c.c. required for the subsequent titration with phenolphthHiein 
to 0-06406 g. SO.^ present as NallSO,, or half this q-jantity = 0-03203 g. 
as “half-free” sulphurous arid. 

Jamieson’s method (see .mti', p. 397), may .ilso be used for the 
determination of sulphurous acid in solutions of the acid or in sulphites. 

Craig' determines sulphurous acid or suljihitcs by adding 0-5 to 
i-o g. to excess of hydrogen peroxide, acidifying with 10 c.c. of i : 3 
sulphuric acid, cooling the solution, and titrating the excess of hydrogen 
peroxide by permanganate. The strength of the peroxide is, of course, 
determined in the first place by permanganate. 

Sulphite Liquors for the manufacture of Wood-pulp. —The 
following estimations arc necessary;— 

1. Total content of sulphurous acid. The sulphite solution, which 
usually contains about 50 g. of sulphur dioxide per litre, is preferably 
diluted to twice its volume and the difuted solution rdlowed to flow 
from a burette into 25 c.c. of an acidified A'/io iodine solution until the 
colour is discharged {cf. p. 67). The volu.ije of the iodine solution 
employed oxidises o 080075 S- SO.,, consequently the volume of sulphite 
liquor used for the titration contains this total amount of free and fixed 
sulphur dioxide. 

2. Content of half-free and of free sulphurous acid, that is, all sulphur 
dioxide over dnd above that required for' thc formation of calcium 
sulphijc iiid which is present in,thc half-free condition as acid sulphite 

**or'as free sulphur dioxide in solution, in the liquor. The quantity 
present is arrived at by titration with normal sodium hydroxide .solution, 
using phenolphthalein as indicator. Each i c.c. alkali used corresponds 
to 0-03203 gt'b’O, in the half-free or free state. 

’ y, Sy, Chtm, Ind.s 1919, 3d, 96T. 
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SULPHURIC ACID MA^IUFACTURp: 

t 

RAW materials 

• f 

These have already been described binder— (p. 358), Spent 
oxide (p. 364), Pyrilcs (p. 366), ‘Zinc Zikndc (p. 383). See also Nitre 
fp. 4/0) and Nitric acid (p. 4S9). • 

• * — 

CONTROL OF ‘^VORKING CONDIT/ONS 

In the manufacture of sulphuric acid'by the lead-chamioe'r ^)roccss, 
inaiTy factors have to be taken into account, and a certain relationship 
iiVist exist between these lor the rerjular aiTtl satisfactory working of 
the plaflt. These factors comprise m'ore especially the temperatures in 
the various parts of the system, the? colour of the gases in the chambers, 
the draughts, the strengths of drip- and bottom-acid, of the Gay-Lussac 
and Glover acids (also the temperature of the last), the quantity of 
nitrogen oxides present in tlie aci^Is, the composition of the gases, etc. 

The rules to be'observed in, aful the conclusions to be drawn from, 
these ob.servations are fully described in Limge’s SnZpZiunc Acid and 
AZ/mZi? . * • ' A 

This section is restricted to a description of such methods of investi¬ 
gation as are ess’ential to the satisfactsry carrying out of the process. 


IVNA.MINATION Ol' TIIK Ga.SF.S 

It is necessary to differentiate: JnZet paxes, ChaniZier paxes from 
varioift parts of the system, and Kvit paxes beyond the Gay-Lussac 
tower. * 

The examination of the inlet gases (kiln gabies from the burning of 
pyriteti or bleiidc) has been described under tlic preparation of 
sulphurous acW (p. 393). tTic determination deals solely with the 
estimation of sulphur clioxide and sijpljur trioxide. It is unnecesstiry 
to estimate the oxygen accompanying these gases, since it must always, 
in normal working, be in reciprocal relation.ship to the sulphur oxides 
present. ^ 

The examination of the gases in the chambers is generally carried 
out by observing the colour (more parlicufarly in tjie hifld portion of 
the system and a^ the exTt), the temperature as meaSTired by rn'ceanS 
of thermometers inserted af different pjoices in the walls of thevi^mbers, 
and the jJressure, for which purpose the manometers Snd anemomcitfi'..'" 
described on p. 167 ct .scq. may be employ’cd, though frequently 
this is only dene in a very crude manner lij* remk'ying pliigs or 
I'trtes. • • - X 

' ^ Fourth edition, p. 904 ei ^q. 
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Generally speaking, a chemical analysis of the chamber gases is not 
made, and under ordinary \^,orking conditions little would be gained 
from such an analysis, owing to thO difficulty of obtaining really average 
samples; and further, it is |iur)nccessary, since the process can be 
perfectly contloiled b,y the iinalysis of the inlet and outlet gases. 
Should it be desirable in a special aijd exceptional case to investigate 
the chamber gases, the methods described for the investigation 
the exit gases will be found perfectly salisfactory. For more exact 
determinations, reference should be maUc to the methods employed by 
Lunge and. Naef^ 

Tht exit gasi'.s from the Gay-Lussac tower are in the first place 
examined for their content in oxygen, whioli constitutes one of the most 
important factors for the regulation of the process in general,.and for 
the setting of the damper in the exit flue in particular. In many of the 
foreign works this c.stimation is looked upon as sufficient, but in 
England, and more recently in Germany, in consequence of the legal 
restrictions imposed, the gases arc also tested for total acidity. •• ■ 

I. Oxygen—The oxygen is estimated' by absorption, and measur¬ 
ing the resulting decrease .in volume. The absorption is effected cither 
by means of an alkaline solution of pyrogallol, wljich, however, requires 
to be frequently renewed, ancKthus involves much time and expense, 
or preferably by thin rods of inoist phosphorus, which allows many 
hundreds of analyses to be carried out in succession. It mu.st, however, 
be remembered that phosphorus is not acted upon by oxygen at 
temperatures below i6'‘, consequently when the determination has to 
be made in a cold place, the absorption vessel must be slightly warmed 
in any convenient manner. Lunge rccomincnd.s tlie use of an alkaline 
solution of sodium hydrosulphite, as sugge.stcd by Era"zen (r/l p. 246); in 
preference to either of the above reagents for the absorption of oxygen. 
Since the water with the absorbents will take up any acid gases present, 
it is necessary to wash the gas by pa.ssing it through a solution of 
sodium hydroxide before proceeding with the absorption of the oxygen. 

When, as is usual, it is only necessary, .to make several single 
tests in the. course, of the day, the use of a special aspirator is 
unnecessary, as the gas biu-ettc itself suffices for this purpose by 
filling and emptying the burette three or four times in succession from 
the special t'pening in the gas- main ; it is then safe to assume that 
'iTfarl'sample of'the gas in the main has bceit collected, and the analysis 
may becnuoceedcd with. 

tn ah lie piacticcnf making a continuous test, in addition to die above, 
is strongly to be recommended; that is, to draw the gas slowiy during 
the full twenty-four hours into a special vessel, from which the sample 
is taken for -chalysis. For. this purpose any suitable aspirator of wood 
C7iem. /»d.f 1884, 7, 5. 
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or metal may be employed, provided the! acid vapours are prc/'iously * 
removed from Jhe gases. The .apparatus feir the estimation of the acids, 
to be dc.scribcd later, effects this rctnoval very conveniently. On the 
other hand, more simple appliances m?,y be used, so long as they permit 
at least to litres of the gas to be drawn off 'and measured in the 
twenty-four hours, this quantitji being! essential if a representative 
•verjfjSe sample is required. . . 

A good form of apparatus, eJevised by Strj/pe for the investicra Lion 
of the exit gases, is described^and figured in Sii!/<luiric Acid 

and Alkali} The apparatus described by* Davis,- Lovett," a.nd Pringle ' 
do itot possess any feakires of special value. ^ 

The estimation of oxygcil is best carrted out by moist phosphorus in 
an OrsPi apparatus (p. 272 ct scq.), prsvided with two absorption tubes, 
the first of which is filled with sodium hydroxide solution to remove 
the acid ga^s, and the second wfth 
phosphorus. The manipulation* is 
ei^tiCtly the same as in the examina¬ 
tion of chimney ga.xis (p. 2/5). . 

Lindemann’s apparatus a.s modi¬ 
fied by C. WinkIyr'''i(Fig. liQS) can 
also be employed. The measuring 
tube 7 \ is fitted ^xbovc with a tlircc- , 
way tap, and has a capacity of 100 
C.C., of which 25 c.c. are contained in 
the lower cylin.lrical portion, which 
is graduated in c.c. B is the 
absorjltion vessel filled with thin 
rods of phosphortis, and C the level¬ 
ling bottle. The manipulation is 
the sa'mc as in tire Orsat apparatu.s. 

M. Liebig*s apparatu.s" is ar¬ 
ranged for use with, alkaline pyro- . 
gallol; the gas is a»iJirjitcd by 
means of a rubber bellows into a 
50 c.c. pipette, and forced from this 
through the absorbing solution into a graduated measuring tube. 

2. Examination for Acids. —If only the sulphur dioxide is to be 
determined, a measured volume of tlie exit gas is^drawn thrdu^ 
sodium hydroxide solution, and the ypsulting solution, aftei Jonsidcr- 
ablc dilution with water, poured into chlorine or broitiinc water. iTiis 

* * Vol. i..4th edition, p. 975. * - 41, l88. 

=* /, Soc, Chtm. 1882, I, 210. '* I/ aiL , 18*83, 2 , 53. • * 

' lJaniibo(M 0/Tethnical Gas Analysi’!y\>. ^\. * ^ 

Post, C/uffi. Tech. Avafyse, 2nd edition, p. 'jpo. 
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solutioif is then acidified with hydrochloric acid, heated to boiling, 
and precipitated with bariun(c chloride. Each i g. BaS©^ corresponds 
to 9375 c c. SO.j. Reich’s method (p. 394) is inapplicable in this 
case, owing to the disturbing action exerted by the nitrous gases 
present. ^ " 1 l 

For a complete examinatiwn the,.following directions will suffice. 
On the one hand the sum of the sulphur acids is determined, and ob 
the other the sum of the nitrogen acLus, itj'cspcctive of the degree of 
oxidation. The follAiwing scheme agrec,^ in the main with that adopted 
by the British Alkali Makers’ Association in 1878; improvements have, 
however, been made in some of the analytical dcLails. 

A small volume of gas is dtawn contiiaiously from the Gay-Lussac 
exits by means of a constant aspirator, at such a rate that ,at least 
24 cubic feet (0'68 cub. m.) arc collccled in the twenty-four hours. The 
volume V drawn off must be measuied with sufficient accuracy, either 
by graduating the aspirator or by means of a gas'meter; the volume 
is then corrected by Tables II. to IV. (/Vppendix) to 0° and 760 mii.i., 
and the corrected volume called V'. 'To make the comparisons more 
complete, a record is kept of the number of cubic feet of chamber space 
for each pound of sulphur\>urnt and entering Ahc chambers in the 
twenty-four hours (or kilos sblphur per cubic metre), as calculated 
from the weekly average; further, of the distance from the tower, of 
the point at which the samples are taken. The gas is drawn through 
four absorption bottles, each of too c.c. capacity, and giving a column 
of liquid of at least 75 mm. in depth. The openings of the inlet-tubes 
may not exceed ?, mm. diameter, as measured by a standard wire. 
The first three bottles each contain too c.c. of normal sodium hyd.'oxide 
solution (free from nitrate and equal to 31 g. NaX) per-litre), the fourth 
too c.c. of distilled water. The gases arc examined for—(i) Total 
acidity, measured as sulphur trioxide; (2) Sulphur; 13) Nitrogen in 
the form of acids, both the latter being 'measured in grains per cubic 
foot-, or g. per cubic metre of the gas (reduced to 0° and 760 mm.). 
The operation is conducted as follows:— 

The contents of Hie four bottles arc combined, the bottles washed 
out'with a small volume of, water, and t'lie total divided into three 
equal parts, one portion being kept as a reserve. The first portion 
is titrated with normal sulphuric or hydrochloric acid, thus affording a 
HTC^Ifre of the' total acidity, SO.,, II.^SO.,,'N,, 0 .|, and IlNOj. The 
second -jr-srtion is added gradually to such quantity of a warm 
-■^9C.'7aBn of-potas'^ium permanganate, rendered strongly acid hy means 
of pure sulphuric acid, that a slight excess of permanganate remains; 
this excess is finally ,s0 far neutralised by a few drops-, of sulphurous 
acid solutiopc that only a. faint rose tint persists. .^11 the nitrogen 
acids are /low present ap nitric acid, and there is no excess of 
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sulphurous acid in tAe solution. The initric acid is estimated by , 
means of fevrous sulphate, employing .for the purpose absolution 
containing ibo g. crystallised fejrous sulphate, and too g. pure 
sulphuric acid per litre. To 25 c.c. of this solution contained in a flask 
is added a further 20 to 25 c.c. of ^Jufc concentrated, sylphuric acid, 
and when the solution is cold the mi.xturc resulting from the above 
jrcripanganate treatment is poured in. *The flask is closed by a stopper 
furni^ed with two tubes; tire first is connecteJwith a Kipp’s apparatus 
generating carbon dioxide, th'i second luted in waj:cr. The air ifT’llte 
apparatus is c.vpclled by the carbon dio:fide, and the contents of the 
flaiik heated until thc»^solution, which at the start is dark-ccfloui*;d owing 
to the nitric o.sidc present, ^ras bccome^of a brigiTt yellow colour. This 
itiay require from a quarter to one^hour according to the quantity of 
nitric acid present, and the volume of sulphuric acid added. The 
ferrous salt which remains unoxijlised by the nitric acid is titrated back 
by a iV/2 permanganate solution equivalent to 0^004 g. oxygen per i c.c. 
U* P- 59)' Since the strength of the acid ferrous sulphate llblution 
alters somewhat rapidly, il is necessary to" compare it each day with 
the permanganate solution by "titrating 25 c.c., the quantity taken for 
the test, with pcrmmiganate.. If ,v c.c. oLsulphuric acid is used in the 
first titration,y (.‘.c. of perinanganate ii/titrating back the unoxidised 
ferrous salt, anti s c.c. of permanganate is equivalent to 25 c.c. of the 
ferrous sulphate solution, the figures fequired are obtained according to 
the following equations; the measurement of volume (V') being of 
course made in cubic metres or in cubic feet according to the method of 
expression ;— 


(r) 7 (Vu/(rc/iWy expressed in— 

ft 

drams SO3 per caibic metrr 
(IraSis SO;, per cubi^', foot 


(2) Snlpluir in— * 

Grains pnr cubic metre 

(Jrains per cubic foot 

(3) Nitrogen \n— , 

(irams per cubic metre 

. Grains per cubic foot 

• * 

In place of^ the above method 
only the total acidiliy by titrating v 


o.ooS(6oo - 6.V - * + jr) 

0(*i234r)(6oo 6.V - j+y) 

• • 

0.007(!-y) 

.. V' 

_ o. 10803(1-y) 

vT. 

it will often suffice to determine 
ith A^'/io^odium hydroxide .solution 
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and phtjnolphthalein, either aitcording to Lunge’s method, described on 
p. 398, or hy employing the tsn-hulb tube described below. 

The maximum escape allowed^under the AlUali Act''(l9o6) equals 
4'grains per cubic foot, equivalent to 9-15 g. SO,, per cubic metre of 
residual gases, before admixtj-e with air or smoke; in Germany the 
limit is 5 g. where pyrites is ^hurnt, ,and 8 g. in the case of blende, 
all acids being calculated to SO3. « 

The alkali inspectors have recently aJofixed a mixture of 1 vol. Nj2 
aiKhh and 10 vols. neutral hydrogen pcrdxide for the absorption of the 
acid gases.,. This overcomes the difficulty caused by secondary reactions 
between'sulphites ?nd nitrite.s which is liable ta occur^ when sodkim 
hydroxide solution is used alone-. 0 

3. Nitric oxide may always be present in the exit ga.ses evqn after 
these have passed through the absorption bottles. Should it bo desired 
to estimate this gas, a ten-bulb absorption tube (Fig. 193) must be placed 



between tlie last fl.isk of the scries and the aspirator. The tube is filled 
with 30 c.c. of A72 potassium permanganate solution to which i c.c. of 
sulphuric acid of sp, gr, r-es has been added. After the gas has passed 
for twenty-four hours the tube is emptied and washed out. Fifty c.c. of 
ferrous sulphate solution (equivalent to 2S c.c. permanganate) is added, 
and the decolorised soliftion titrated back with permanganate solution 
till it again becomes rose-coloured ; the number of c.c. of-permanganate 
required is called n. The nitric oxide has thus reduced (30 + ?/ —2.:) 
c.c. seminormal permanganate sohition. This corre.sponds to: 

N ,= 0.007(30-1-;;-2:) 

... ' 3V' 

grams nitrogen per cubic metre of the gas when V' represents the total 
volume, as registered by the'aspirator; or in grains per cubic foot, 
jj _'0.10803 (30-1-2*) 

- _ - 

I ” 

A Winkler's coil, or other suitable apparatus, may be used instead of 
the above absorption bulbs. 

To lest whether all the nitric oxide has been absorbed, Griess!, 

^ Carpenter antHJnder, /. Soc, Chrm. hid^^ 1902, tl, 1490. 
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reagent (a-naphthylaitiine and sulphatilic acid), as modified by 

Lunge and Ilosvay,^ may be employed, ^y allowing air to m*x with 
the gases lelving the bulb'-tube, ,and then examining for higher 
oxides of nitrogen. The reagent will always show a slight reddeniitg 
with such gases even where the absorptiin has Ipecn mcida as complete 
as possible, but for most practical purposes such traces may be 
jiegle(;ted. ■ 

According to pivers,^ a,Concentrated alkaline solution of sodium or 
potassium sulphite forms an *xccllent medium for the absorption Jf 
nitric oxide in gas analysis. • ^ * 

^on Knorre and ’^rndt ■' mix the gas with hydrpgen and ^ra.ss the 
mixture very slowly through a Drehsahmidt^jlfatinum capillary tube 
(fi. 257yieated to bright redness. If t,he gas be passed too quickly or the 
heating be insufficient, some ammonia always results. The reaction is: 

2NO + affo - sfijO + Nj 

' (4 voU. 4 v8l9. 2 V 0 I 9 .) 

•• • ““ 

Consequently ejeh volume of ijitric oxide corresponds to a contraction 
of ij volumes. “ ' 

Von Knorre* stages that it is more cc<ivenient to absorb the nitric 
oxide in a mixture of 5 volumes of saturated potassium bichromate 
solution and i volume concentrated sulphuric acid than in the 
acidified permanganate solution described above, since the bichromate 
mixture is perfectly stable at ordinary temperatures, and does not 
evolve oxygen when shaken with indifferent gases ; further, the nitric 
oxide is oxidised quantitatively to nitric acid by this mixture. A 
liberation of absorbed nitric oxide to indifferent gases cannot therefore 
decur in this erwie, as it may when ferrous sulphate is employed. This 
reagent is consequently well adapted for the .removal of nitric oxide 
from-mixturesJbf gases, and also for the estimation of larger amounts 
of this gas; for the estimatibii of .smaller quantities such as occur in 
the above cases, absoriXion in acid permanganate solution and subscqircnt 
titration is to be preferjtid. 

4. Nitrous oxide in cfiamber or exit gases h^s scarcely ever been 
estimated up to the prcsefit. The earlipr known method eff Winkder,'' 
which consists in the removal of the nitrogen acids and oxygen from 
the gases and conversion of the nitrogen edmpounds in the residue into 
ammonia by pas.stng ther* together with excess of hydiegen ovel i^en+iy 
heated palladium asbestos, and that of Lunge,'’’ which is r-'-ried out 
by first acting upon the gases with concentrated potassium«hycii^:iidp.. 
solution: and permanganate, shaking the residqe with absolute alcohol 
• • • , ’ 

‘ Z. (ivgew. Chem.y 1S90, 3, 568. ^ J. Chenft 3 ’txr., 10^9, 75, 

® Z)Vr., 189^32, 2136. • ^ Chetn. hid., igot, it. 534. 

Inditsh u-Gasiy \'tl. 2, p. 429. 1881, 14, 2188.'. 
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, and decomposing the gases expelled from the alcohol into nitrogen and 
oxygen’by means of a glowing palladium wire, do not suffice where the 
quantity of nitrous oxide present ps so imall and is aAnixed with a 
laegely preponderating amount of nitrogen. The process worked out 
by l’ollak*„is preferable. (.The mixture of N.p (.v volumes), 
NO (/ volumc.s), and N (.c volumes), the total observed volume being V, 
from which all oxygen has previously Ijeen removed by means of q;ioist^ 
phosphorus, is' burnt cifher with hydrof^en a r with carbonic oxide in a 
BrClischmidt tube. „The contraction, V,.,i.is noted, oxygen added to the 
residual gas, and the mixtunS againAurnt in the capillary. Two-thirds 
of the rnsulfing contraction is equal to the volume of hydrogen that 
remains after the firsfLombiistitm, and this,subtracted from the volume 
of hydrogen originally added gives the volume of hydrogen used, V'„. 
We thus have;— 

(1) .v-t-y + ? T V 

(2) .v'-I- 3 i 72 --n V,. 

(.1) .v+.v - V„. 

from which:— ' • 

■V ■■ ■ .lVw*--"2V,. 

V - 2(V>' - Vw) 

V ■ V* 

In the ca.se of combustion with carbon monoxide 'che contraction, 
Vj, and the carbon ilioxide formed, V^, are measured. 

This gives;— 

(1) .v+y-t-! -- V 

(2) yh ~ V,. 

(3) .V t-r - V,, 

from which it follows ;— 

- ,v - Vi, -- 2 V.. 
y - 2V0 
* - V-Vk ‘ 

5. Loss of Sulphur.—Lunge - 'iias published a formula which allows 
the quantity of sulphur burnt, expressed in 'grams per litre on the exit 
gases, to be calculated from the percentage volume of oxygen present in 
' these. The sulphur loss may tic calculated by comparing this value with 
the quantity of sulphur acids, present in the exit gases. The lormula is : 

* ' i h' 

X = (20.95 - alo.ooQbi; — - — ■ 

\ yo / S' 0/ 1,00367/ 760 

where x equals the total sulphur burnt, expressed in grams per litre on 

' Trejciwcll, Amlylical Ckfmistry^ 5lh edition, vol. ii., p. 8o2. See also 'ing!i3,yi Soc, Chem. 
hd., 1904, 23, 690, 7S8 ; 1906, 25, 149; 1907, 26, 668. , 

^ Cf. Siilphu K Acid and Attafi, vol. i., p. 986 ; Dmgl.pclyt, 1677, 226 , 634. 
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The strength of the Drip^ from the chambers is observed at 
.frequent intervals during the day and* their content in nitrous vitriol 
gauged, at least ^by a roti#h f^-st. The latter can, of course, be more 
exactly estimated by means 5 f permanganate solution. Tests m ilte 
bottom-acid arc also made. • * 

I • 

*l''or collecting th^ “drips” Lunge' rccommcn(Js thc‘use»of small 
cylinders of 20 c.c. capac'^y and coriie.spoiulif^ly small hydrometers 
fiavinjj a range of about 2o"Tvv., ^n place of the customary larger 
cylinder and full-range hydromefers. The .smaller cylinders have the 
advantage that the acid is renewed about every ten minutes, and thus 
show any changes .more quickly, 

»• For a rapid, approximate’determination of the (peFcentage 

of nitrogen acid.s^ of the* dripj, Lunge" recommends the following 
method for testing a set of fo'uf chambers. The test should be per¬ 
formed at least oiife, bettet twice, daily, and for each test a stand 
furnished with eight ordinary test tube.,', each 13 cm. high, is employed. 
The test tubes are each filled to a height of 10 cm. with samples of the 
bottom-acid and of the drip-acid rc.spcctivcly, of each of the chambers, 
taken in turn. The strength of each sample is taken at the same time by 
the hydrometer and written on the stand at the bottom of the respective 
tube. Concentrated ferrous sulphate solution, which does not require to 
be frse from ferric salts, is then cautiously added so as to form a layer 
'about I cm. do«p on the acid in each cylinder. In the presence of very 
minute traces of nitric acid or of the lower oxides of nitrogen a yellowish 
coloured ring Results at the junction of the liquids. In the prc.scnce of 
largSr amounts of nitrogen abids the ring is darker, or with still greater 
quantities the whole* of the ferrous sulphate layer assumes a .deep 
brown to black colour^'and may even hegin to froth owing to the heat 
evolved driving off the dis*solved nitric oxide from the solution. Ily an 
inspection of the various’colours in their sequence from •chamber to 
chamber, coupled with the strength of tlieacid from each chamber and 
the colour of the gases in the lattco, a tery good indication of the 
operation of the* chamber process is obtained. The^stimation of .llje 
sulphur dioxide in the inlet gases and of the oxygen in the exit gases 
complete the necessary testing. '' , • , _ 

. Thtj bottom-acid in the first chamber should show no trace of 
nitrous acid. . In the middle chambc'rs the tcst> should indicate a small 
. -quantity of nitrous acid in the bottopi-acid and a more prdhounced 

' Sitlphunc Acui hnd p. 929. 
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• quantity in the drips. The ftottom-acid in the last chamber should 
give at least a moder.ate inclication, and the drips a Very marked 
reaction. . 

’ Should selenium be present the ferrous sulphate test is not so 
easily applied; ct may,, however, be successfully employed after some 
practice. , 

For the quantitative estimation of the nitrogen acids in vitrip' the. 
potassium bichromate method was formerly'[generally employed, but it 
hSTJow been replaced by the permanganaVe method, which gives a much 
sharper end-reaction. The details of the permanganate method arc 
given unfier ‘'Gay-Lussac acid” (sec below). ' , 

It has been suggested that the daily production of acid might be 
deduced by measuring the drips , from the chambers. Lungf* has 
shown, however, that this view is incprrect, owing to the drip tables 
acting as contact surfaces. They consequently not only collect the acid 
normally produced at the point of the chamber considered, but also the 
much larger volume of acid condensed locally either by mechanioil 
means or owing to a better admixture of, and accompanying reaction 
in, the chamber gases impinging against the solid wall. 

The yield of chamber acid should be determined, directly by measur¬ 
ing the acid dip in the chaml^rs, which is done by means of vessels 
communicating with the interior. It is advisable to draw up a table 
for each chamber, so as to sec at a glance the volume of acid, in cubic 
feet or litres, corre.sponding to any observed dip. If the specific gravity 
be determined at the same time by means of the hydrometer, the weight 
of acid in the chamber can be calculated. 

Examination of the Glover acid. The strength (140° to 150" Tw., sp. 
gr. 1-7 to I-7S) and temperature arc determined in ca.se the acid is to be 
pumped back at once to the Gruy-Lussac tower; also the content in 
nitrous compoiuuL, should more than traces of these be present. (This 
determination is described on p. 449.) Other tests arc carried' out 
exactly as for the nitrous vitriol from the Gay-Lussac tower. 

Examination of the Gay-Lussac acid {Nitrous -^dtriol). Generally only 
the nitrous acid is determined; this is not "present in the vitriol in 
the free- condition, but is combined to forin nitrosyl-sulphuric acid 
' SO,/OH)(ONO). Nitric acW only occurs in poor nitrous vitriol; it is 
included in the total nitrogen'found by the nitrometer test. 

^.Nitrous acid is usually estimated by the pcimanganate method ; the 
bichrom^ method is to-day seldom employed (cf supra). The test is 
,p^arr;ed'out in the manner proposed' by Lunge,^ who has shown vhat the 
earlier methods employed were inaccurate, owing to the ready, loss of 
nitric oxide and production of nitric acid that took pla.ee before the 

• ' Z. an/’t’w.'*C/iem., 2, 26^, 

- 1877, 10,1075. 
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reaction with permariganate was efirected. A seminormal perman- , 
ganate solution, prepared and standardised as described (i^. 6i), is 
employed. I’he essential p6int to^ be observed is that the nitrous 
vitriol must always be added to the permanganate, and never the 
reverse. The test is carried out by dllcjlving the sample tp flow from a 
glass-tap burette into a measured volume of the A/e permanganate 
^soliifion, diluted with five times its voUimc of warm water (30" to 40°), 
until ttie colour just vanislijs. At the ordinary'temperature the reaction 
proceeds too slowly, whilst at<too high a tcmperat/irc or in too coiieert- 
trated solution hydrated manganess dioxide separates out; such separa- 
tioji gives trouble, but it does not prevent the titration being sarried to 
a finish, since the dioxide gjes into soliition asydfi before the completion 
i 5 f the titration. The quantity of permanganate taken varies according 
' as the vitriol to be tested contains much or little nitrous acid ; i c.c. per¬ 
manganate corresponds to 0-009.^02 g. N.,0,5. For chamber acid or other 
similar acid, 5 c.c. .of pcrmang^iate solution at most are taken ; for a 
ittong nitrous vitriol, up to 50 c.c. Should it be desired to express the 
nitrogen content otherwisa than;as N.jO,„ the factor 9-502 is substituted 
by 15-75 for HNO3 by 29-83 for fiitric acid of 66'-5 Tw. at I5"C., by 25-30 
for nitric acid of 77 ,Tw., anr^by 21-252 fpr NaNO,,. 

The following table (p. 414) save;.- calculation fur cases in which 
50 c.c. of pcrm,anganate solution i.s employed. The number of c.c. of 
nitrous vitriol required is given in c*olumn_y, the content in g. per litre 
in column a, and in column l> the percentage by weight, assuming the 
acid examined to be of sp.gr. 1-71 (142° Tw.). For other strengths of 
acid the percentage by weight is found by dividing the values in column 
a by J;en times the specific gravity of the acid. 

• - Ricglcr' ha;; proposed to estimate the nitrous acid by the gas-volu- 
inctric method, using hydrogen peroxide according to the reaction;— 

* 

HN(X-*IIA - ILp-l-IiNOa • 

and measuring thc^ v’clumes of oxy^jcji evolved by the action of per¬ 
manganate on 5 c.c. o 4 **tljc hydrogen peroxide alone, and on 5 c.c. of 
the peroxide after reaction on a known amount of the acid to be . 
tested. * ,. 

Griitzner “ estimates the nitrite by dctcfmining by Volhard’s method 
, (p. 74) the chloride produced by interaction with' cf;loric Vid :— 

SHNO^-fHClO., - 3]lNO,,-fHa. 


^ Z. anal. Chenu^ 1897,36, 665, 
^ Arch. Pluirm.y ^ 5 - 241- 
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Talile for the estimatiot/ of Nitrous Acid in Nitrous Vitriol. 


Expressed as HNO,j, NaNO|, and as nll/'.c acid of 66‘’-5 and yy^'Tw, at I5'’C., when 
50 c.c. Nj2 potassium permanganate is taken for the titr:ilion, and the per- 
centagcs^byi weight arc liascdlin sulpiiuric acid of 142" Tw. as unit. 
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I he estimation of nie total nitrogen acids present in nitrous, vitriol 
is generally ef|ected in the nitrometer, thelusc of which for this purpose 
has been already described (p‘, 79). .^hould the acid contain, in addition 
to the nitrous acid, appreciable quantities of sulphur dioxide, which can 
readily be detected by the smell, a liUlJ powdered potassium perman¬ 
ganate is placed in the cup of the nitrometer; a large excess of per- 
jnanganate must not be used, since it iliterfcres considerably with the 
reaction. 

The observed gas volume Inust be reduced to.o" and 760 mTn. 
means of the Tables II. and III. (Appendix), unless the gas-volumeter 
(‘/..jP. 83) be employed; with the latter instrujpgnt it’is fispecially 
advisable to use a separate Recomposition vcs.‘>..T. 

The nitrogen compounds are c;ijculatcd from the corrected nitric 
* oxide volumes by means of the following table. The table takes 
account of the various ways of stating results adopted in different 
works, and will be found uscf')l in other than sulphuric acid works. 
••cJumn a gives the values in 'milligrams throughout, column ( 5 The per¬ 
centage by weight, assuming tl^at 1 c.c. of'acid of 142° Tw. has been 
taken for analysis ; for other stfehgths of acid the values under a must 
be taken as the basi^ for calcylation {cf. p. 413). 
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MANUFACTURE OF SULPHURIC i'ACID 

One hundred parts of nitric acid of 66°'5 Tl w. correspond to 71-23 
parts piire NaNOj, or 74-20 phrts of 96 per cent. Chili saltpetre. 

The other methods described finder “ Nitrating and Spent Acids ” 
(p. 497) may also be used for this determination. 

Ratios of the nitrogen coSnpounds to each other. The following 
formula may be used to determine the relationships among the 
NjOj, N.^Oj, and HNO3, pre.seAt together in sulphuric acid, when the 
results of the permanganate titration and the nitrometer determination 
61 total nitrogen in the form of NO arc known:— 

(? = c.c. NO, as found in the nitrometer; 

h = c.t. 0, calculated from the permanganate titration (i c.c. 0 = 

1- 4278 mg., consti<juentl/ i c.c. A^/a permanganate = 0-004 g.= 

2- 8015 c.c. oxygen); 

,T = vol. NO, corresponding to N present as N^O,; 

9' = vol. NO, „ NjO,; 

r: = vol, NO, „ „ UNO,, 

If 4/'>(t, then:— ^ ' ' " 

x=d,h~iiy = 2 — or = (t—.r. 

If 4i<(Z, then :— ' 

y='\b\ z — a — tj). ; 

That is, if the oxygen is sufficient to allow of all the nitrogen acids being 
present as NjO.j, they are calculated as such; if there is more than 
sufficient oxygen for this the excess is calculated to IINO3, whilst if 
there is less oxygen the deficit is calculated to NjO,. In practice, the 
ordinary nitrous vitriol contains no N.jO,i, on which account it is better 
to calculate the total oxygen deficit (as determined by permanganate) 
to N2O3 or to nitrosyl-sulphuric acid, the rest of the nitrogen being 
calculated to nitric acid. 

FiifiSHED Product: Sulphuric Acid- j 

Sulphuric acid appears in commerce as chailiber acid of 106“ to 
h6"Tw. ; as 140° Tw. acid from the Glover towfr, or after evaporation 
in lead pans; as ordjnary 168°Tw. acid (93 to 95 per cent.); as extra 
concentrated acid (96 to 98 percent); as commercial monoliydrate, and 
as fuming sulphuric acid. The last will be dealt with separately. 

Actual sulphuric acid, generally referred to as monohydrate, H.^SO.,, 
hac a specific gravity of 1-853 '“‘t 0° according to different observers, 
of 1-8372 to 1-8384 at 15“ compared with water at 4°. The German 
.Standards Commission calculate'fhe specific gravity of actual mono¬ 
hydrate as 1-8357 i!' 74° tiy extrapolation; it should, however, be 

borne in mind that this extraordinarily low value is doubtful, as 
owing to the repiarkable irregularities that occur in the density curve 
when such high concentraiions are reached extrapolation may be very 
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misleading. The maximum specific gravity (18415) Tics beti^ccn 97 
and 98 per cjnt. acid, and Jhe density of the monohydrate is thus 
increased by addition of a little water as well as by addition of sul¬ 
phuric anhydride. The monohydratf begins to boil at 290”, and at 
first evolves some SO,,, the boiling point rising to '83'8”, at which 
temperature 98 per cent, of HoSO^ and 2 per cent, of LTO arc jiresent.* 
• Th'’,strcngth of sulphuric acid is generally determined by its specific 
gravity. The earlier tables in^use have been found to be altogether^ 
unreliable, especially at the higher concentrations, ahd I.unge and Isler - 
conscquently worked out a new table based on fresh observations, using, 
how'ivcr, the values p’-eviously determined by J.''«nge and hfaef'* for 
acids of over 90 percent. IS|,S(),. All ‘unccrl.'h'nty in this connection 
has nov'^bcen removed by the very exhaustive and painstaking investi¬ 
gations of Domkc, Bcin, Fischer, and others, whose work is embodied 
in the reports of the German Standards Commission.^ This work, 
undertaken in the first place for the establishment of the pormals 
fdl"'percentage hydrometer.s, has been carried out with such care 
that the results may safei'y be ■ looked upon as e.vact; the report 
contains in addition a detailed description and criticism of all previous 
work on the subject. > 

The following tables are taken from this .source. (l) The table for the 
estimation of the sp. gr. (l 5 'C./T'C.) pf pure sulphuric acid and water 
mixtures from the percentage content; the fifth decimal [olace, which was 
only detcrmineil for purposes of calculation, is omitted, but has been 
used to round oi'f the fourth figure. (2) An extract from the tables for 
reducing to I 5 '('. the reading found at some other temperature. The 
original memoir contains many other tables of less importance for the 
p'rfisent [uirpose'which are not included here. 

In these tables the values are given for progressively increasing 
percentages of iiulphuric acid. The form adopted in the tables prepared 
by laTnge, basoul upon measurements made in conjunction with fslcr and 
Naef, is much more useful for works„aijd laboratory purposes. These 
tables are accordingljfc'di^cluded; they have been recalculated to 
the values of the German Standards Gommi.^ision wherever they 
differed by more than o * per cent. ^ I.arger variations' thah this 
scarcely appear below the specific gravity Uf i'56o, but between this 
^ point and l-G8o differences rising up to about j'per cent, occur; the 
causes of these Tlivcrgeficics have not 'yet been dftcovered. .Stfil* 
greater djffcrcnces exist ^ at certain ^of the higher concentrations, 
especially from 96 per cent, onwards, but at these strengths the 
datermination of the aci(J content b^ means of the specific gravity 
• 

1 cy. \V. Wyld, /Ciijo nils' jor the MaHufiu lure of Sulphurii* Acul ami the Miiuiifn lui e of 

Sulphur VtMlilr, 1923. 1 '- J 94 - ■ 1S90, 3, I31. 

“ Chem. /ill/., 1883, 6, 37.* ‘ ‘ Ahliamlhi.^cii, igon vol. 5. 
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is quilij unreliable, and consequently the readings do not come into 
question for practical purposes. Perhaps, the most pronoLinccd variation 
^0-54 per cent.) occurs at 99J per font., and it is interesting to note that 
Koechlin and Gerber have sl'^ow,n that at this extremely high concen¬ 
tration acids prepared in ditierent ways may, although of the same 
chemical composition, possess different physical properties, a view 
hinted at by Lunge in i8<S3. A greater degree of accuracy tharn 
,p-i.45er cent, is not likely to be atta'ncd in practice, and this limit 
is more than suificient for the tables, since the figures given 
are for diemically pure acid -which is not found in ordinary practical 
work. It may be tKlv'd that the German Stand; rds Commission always 
worked to temperature:? as recorded by thC hydrogen scale, which at !5° 
gives values o-i" lower than those recorded on the mercury scale. 


Table for determining the Specific Gravity of Pure Sulphuric 
Acid-water Mixtures from the Percentage Content. 
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Specific Gravity of Pure Sulphuric^ Acid-water— ConiinJed. 
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33-41 

40-93 

52-45 

65-45 

33-88 

41-50 

53-1^8 

06-40 

34-35 

42-pS 

53-92 

07-33 

34-80 

42-06 

54-67 , 

08-20 

35-27 

43-20 

55-30 

tj9-12 

35-71 

43-71 

50-05 

09-98 

30-14 

44-28 

56-74' 

70-8.5 

30-58 

44-82 

57-43' 

71-71 

37-02 

45-35 

58-11 

72-56 

37-45 

4r<-88 

68-79 

73-11 

37-39 

40-41 

59-48 

^4‘20 

38-32 

40-94 

60-15 

75-10 

38-75 

47-17 

00-83 

75-95 

39-18 

4,8-00 

,61-51 

70-80 

39-02 

48-53 

02-19 

77-05 

40-05 

49-00 

02-87 

78-60 

40-48 

49-59 

03-55 

79-34 

40-91 

50-11 

64-21 

80-18 

41 -.33 

50-03 

04-88 

81-01 

41-70 

51-15 

05-55 

81-86 

42-17 

51-00 

06-21 

82-66 

4-2-57 ! 

52-15 

00-82 

83-14, 

42-90 

52-03 

67-44 

84-21 

43-30 i 

53-11 

68-00 

81-98 

43-7:) 

53-59 

08-08 

85-74 

44-14 ! 

54-07 

09-29 

80-51 

44-53 

rel-55 

09-90 

8! -28 

44-92 

55-03 

70-5-2 

88-05 

45-31 

55-50 

71-12 

38-80! 

45-69 

55-97^ 

h-72 

89-55 

46-07 1 

50-43 

72-31 

90-29. 

40-45 

50-90 

72-91 ' 

91-04 

46-83 

57-37 

73-51 1 

91-7': 

■17-21 

57-83 

74-10 

92-53 

47-67 

‘..8-28 

74-G8 

93-25 

47'95 

58-74 , 

75-27 

93*98 

48-34 

59-22 

75-88 

91-75 

48-73 

55-70 

76-50 

95-52 

49-12 

00-18 

77-12 

90-29 

49-51 

60-65 

77-72 

97-04 

49-89 

61-12 

78-32 

97-79 

50-28 

61-59 

78-93 

£3-54 

50’56 

62-00 

79-62 

99-30 

51-04 

62-53 

‘80-18 

100-05 

61-43 ' 

63-00 

80-73 

100-80 

51-78 

' 1 

63--i? 

J 

81-28 

101-49 


3 Litre of chemically pure Acid 
contains kilugrama of 


R< 

n,.R()4 

Acid 

of 

142 Tw. 

Acid 

fif 

106'Tw. 

0-370 

0-454 

0 - 582 "" 

• 

0*725 

0-377 

0-402 

0-593 

0-740 

0-385 

0-472 

0-605 

0-765 

0-393 

0-481 

0-617 

0-770 

0-400 

0-490 

0-629 

0-785 

0-^^08 

0-500 

0-041 

0f300 

0-410 

0-510 

0 653 

0-816 

0--121 

0-519 

O'fiOS 

0-830 

0-432 

0-529 

0-077, 

0-845 

0-439 

0-538 

0-689 

0-800 

0-447 

0-548 

0-702 

0-870 

0-455 

0-557 

0-714 

0-892 

0-402 

0-667 

0-727 

0-908 

0-471 

0-677 

0-739 

0-923 

0-479 

0-580 

0-751 

O-OliS*' 

0-480 

0-596 

0-763 

0-953 

0-494 

' 0-005 

0-775 

0-988 

0-502 

0-014 

0-787 

0-983 

0-509 

0-51/ 

0-02-1 

o-soo 

0-998 

(l,-633 

0-81-2 

1-OM 

0-525 

0-013 

0-824 

1 -029 

0-533 

0-053 

0-830 

1-044 

0-541 

0-ti02 

0-849 

1-060 

0-519 

0-672 

0*S(U 

1-075 

0-557 

0-082 

0-873 

1-091 

0-504 

0-692 

o-sso 

1-107 

0-573 

0-702 

0-899 

1-123 

0-581 

0-711 

0-912 

1-138 

0-589 

0-721 

0-924 

1-154 

0-597 

0-7.-iO 

0-9.37 

. 1-170 

0-604 

0-740 

0-949 

1-185 

0-012 

U-7o0 

0-901 

1 -200 

0-020 

0-769 

0-973 

1-215 

0-028 

0-709 

0-986 

1 -230 

0-030 

0-77,0 

0-998 

1-240 

0-643 

0-789 

1-010 

1 261 

0-051 

0-798 

1-023 

1-277 

o-dso 

0-808 

1-035 

1 -292 

0-667' 

0-817 

1-047 

1-307 

0'675 

0-827 

1-059 

1 -323 

0-083 

0-837 

1-07-1 

1-338 

0-091 

0-840 

1-084 

1-354 

0-099 

0-856 

1-097 

1-370 

0-707 

0-805 

T109 

1-385 

0-715 

0-S70 

1 -122 

1-400 

0-723 

0-885 

1-134 

1-417 

0-731 

0-890 

1-147 

1-433 

0-739 

0-900 

1-100 

1-449 

0-748 

0-916 

1-174 

1-485 

0-756 

0-926 

1-187 

1-48] 

0-704 

0-936 

1-199 

1-498 

0-773 

0-946 

1-213 

1-514 

0-781 

0-957 

1*226 

1-631 

0-789 

0-967 

1*289 

1-647 

0-797 

0-177 

1-262 

1-583”' 
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8p. Gr. 
ut 

]:i“ 

'•i' 

vacuo). 

Dntirne.s 

Haunii'. 

1 - 

Ucgrcds 

Twaililell 

1 

100 parts \veinbt uf chemioally 
pure Aciil cuntaiu fior C(!iit. 

1 Litre of ciinmic.ally pure Aci'l 
cuiitaiiis kllot;raiiis of 

• 

SU.,. 

ir.jSOj. 

Aciif 

of 

142 Tw. 

/ 

lAeiil 

of 

lOij’ Tw 

1 

... 

H.a6,. ' 

Acid 

of 

M-2'' Tw. 

Add 

of 

106° Tw. 

1-645 

' 60-9 

109 

52-12 

•03-85 

81-81 

102-16 

ti-sos 

0-987 

1 -204 

1-579 

1-550 

51-2 

IM) 

52-46 

64 

82-34 

102-82 

0-813 

0-990 

1-270 

% 1-593 

1 -GGG 

51-5 

111 

52-79 

64-07 

82-87 

103-47 

0-82i 

1 -000 

1-289 

1-009 

1 -560 

51-8 

112 

53-22 

65-20 

8i3-50 

10 >-30 

0-830 

1-017 

1-303 

1-827 

1-565 

52-1 

113 

53-59 

05-05 

84-08 

105-03 

0-839 

1 -027 

1-810 

1-044 

i-uo 

52-4 

114 

^3-95 

00-09 

84-04 

105-73 


. 1 -038 

1 -3«9 

1-GGO 

1-^5 

5-2-7 

115 

;)4-32 

06-53 

85-21 

100-42 

-^->8515 

1-048 

1-343 

1-677 

,1-5S0 

53-0 

no 

54-05 

»;o-95 

85-78' 

107-10 

0-804 

1-058 

1-350 

1 -692 

1 -585 

53-3 

117 

55 -03 

67-40 

80;31 

107-85 

0-872 

1-008 

1-369 

1-709 

1-690 ' 

53-G 

118 

55-37 

67-83 

80-88 

108-52 

0-880 

1-078 

1-382 

1-720 

1 -695 

53-9 

119 

55-73 

68-26 

• 87-44 

109-21 

0-889 

1-089 

1-395 

1-742 

1-GOO 

54-1 

120 

50-09 

08-70 

. 88-00 

109-92 

0-897 

1-099 

1-409 

1-759 

1 -605 

54-4 

1-21 

56-44 

09-13 

88-55 

flO-01 

0-906 

1-110 

1-422 

1-775 

1-GlO 

64-7 

122 

50-79 

69-5(? 

89-10 

111-30 

0-914 

1-120 

1-435 

1-792 

• 1-015 

56-0 

123 

57-15 

70'-00 

89-00 

112-00 

0-923 

1-131 

1-449 

1-810 

1-C20 

55 -2 

124 

57-49 

70-12 , 

90-20 

112-Ofi 

0-931 

I’Ml 

1 -402 

1 -825 

1-C25 

55-5 

12C» 

57-84 ' 

70-85 • 

90-74 

113-35 

0-940 

1-151 

1-173 

1-842 

1-030 

55-8 

126 

58-18 

71 -27' 

f 91-29 

114-02 

0-948 

1-1»)2 

1-489 

1-859 

1-G35 

56-0 

127 

58-53 

71-70 

91-83 

114-71 

0-957 

1-172 

1-502 

1-875 

1-640 

50-3 

1-28 

58-88 

.7»12 

92-38 

115-40 

0-906 

1-152 

1-516 

1-892 

1-645 

56-0 

l5!) 

59-22 

72-55 

92-92 

110-00 

0-975 

1-193 

1-529 

1'909 

1 -050 

56-9 

130 

59-57 

7-2-96 

93-45 

116-7-2 

0-983 

1-204 

1-543 

T920 

i-Gsri 

57-1 

•131 

59-92 

73-40 

94-02 

117-44 

0-092 

1-215 

1-557 

1-944 

1-000 

57-4 

132 

00-26 

73-81 

94 -’ 1 

118-11 

1-000 

1-225 

1-570 

1-900 

1-605 

57-7 

133 

00-61 

74-24 

95-OS 

118-77 

1-009 

1-230 

1-584 

1-677 

1-670 

57-9 

134 

60-95 

74 '06 

95-02 

119-30 

1-017 

1-240 

1-098 

1-995 

1-075 

58-2 

135 

01 -29 

76-08 

96-10 

1-20-11 

1-0-27 

1-259 

1-011 

2-012 

1-630 

58-4 

136 

01-63 

75-50 

96‘09 

120-50 

1-035 

1-268 

1 -025 

2-029 

1-085 

58-7 

137 

61-93 

75-94 

97-21 

121-38 

1-043 

1 -278 

1 -038 

2-046 

1-C90. 

58-9 

138 

62-29 

76-38 

97-77 

122-OS 

1-053 

1-289 

1 -052 

2-004 

1-695 

59-2 

139 

02-fi4 

76-76 

98-32 

122-77 

1 -002 

1-301 

1-007 

2-082 

n-700 

59-5 

•140 

03-00 

77-17 

98-89 

1-23-17 

1-071 

1-312 

1-081 

2-100 

1-705 

69-7 

141 

63-35 

77-0() 

1)9-44 

124-16 

1-OHO 

1-3-23 

1-696 

2-117 

1-710 

GO-0 

,14-2 

63-70 

78-01 

100-00 

121-80 

•1-089 

1 -334 

1-710 

2-186 

1-71^) 

60-2 

113 

04-07 

78-48 

100-50 

125-57 

1-099 

1-346 

1-7-25 

2-154 

l-7tt0 

GO-4 

• lU 

04-43 

2.S-92 

101-13 

120-27 

1-108 

•1-357 

1-739 

2-172 

1 -726 

00 6 

* 145 

04-78 

79-30 

101-09 

126-98 

1-118 

1-309 

1-754 

2-191 

1-730 

80-9 

J 10 

^)5‘M 

79-80 

102-25 

127-08 

1-127 

1-881 

1-769 

2-209 

1-735 

61-1 

147 . 

05.-50 

80-24 

102 * 8 - 2 « 

128-38 

1-130 

1-392 

1-781 

2-228 

1-740 

Gl-4 

148 

(Wi-BO 

SO-08 

103-38 

129-09 

1-110 

1--101 

1-799 

2-247 

1-745 

61-G 

149 

00-22 

81-12 

103-95 

129-79 

1-150 

1-410 

1-8M 

2-265 

1-760 

Gl-8 

150 

00-584 

81-50 

10-1-52 

130-49 

1-A35 

l-4‘/7 

1 -829 

2-284 

1 -755 

62-1 

151 

00-9-1 

82-00 

105-08 

131-20 

1-175 

1-139 

1 - 81 .’? 

2-303 

1-760 

G2-3 

152 

G7-30 

82-44 

11)5-04 

’l3U90 

1-185 

1-451 

1-859 

2-321 

1-7G5 

02-5 

153 

07-70 

83-01 

100-31 

132-80 

1-190 

1-405 

1-877 

2-344 

1-770 

02-8 

15-1 

08-17 

83-51 

106-97 

133-61 

1U07 

l-m 

1-894 

2-365 

1-775 

03-0 

li5 

G8-(I0 

8i-02 

107-02 

m-43 

1-218» 

1-491 

1-911 

2-386 

1-780 

03-2 

156 

68-98 

81-50 

108-27 

135-20 

1 -228 

1-504 

1 -928 

‘.<-407* 

1-785 

03-5 

157 

09-17 

85-10 

109-05 

130-10 

1-240 

1-619 

1-947 

2-432 

1-790 

J53-7 

158 

09-96 

85-70 

109-»2 

137-14 

1 -252 

.1-534 

^ -905 

2-456 

1-795 

04-0 

159 

70-45 

80-30 

110-58 

138-08 

1 -265 

1-549 

1-983 

2-479 

. 1-800 

64-2 

100 

70-96 

80-92 

111-32 

139-00 

1-277 

1-505 

2-003 

2-503 

l-80if 

64-4 

161 

71-50 

87-60 

113^25 

140-16 

.1-291 

1-581 

2-026 

2-530 

1-810 

64-8 

‘ 162 

72-08 

88-30 

113-15 

141-28 

i-ao5 

1-698 

2-04^ 

2*668 

• 1 -815 

04-8 

^68 

72-96 

89-16 

114-21 

142-05 

-• • 

1-322 

l-iil8 

2-074 

2-589 
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Specific Gravity of Sulphuric Acid SoUMoas—Contimeii, 


100 parts by weiglit of clieniitr'ally 
piiru Ac.ni coiita’u por onnt. 


, at 

Decrees 

[JeKTRca 

. — 

-- 

— 


_ 

_ 

_— 


4^ 

Jiautiic. 



V 

J 

* Acid 

Acid 



Acid 

Acid 

(mi. ri'Clfii) 

• 


^ 0 , 


of 

of 

HO.) 

IlnH 04 . 

of 

of 





142“ Tw. 

__ .♦ 

106’Tw. 



NS-'Tw. 

100” Tw. 

rsiio 

65-0 

■ 164 

73-51 

90-05 

115-33 

144 -Q^S 

. 

1-338 

1-639 

2-099^ 

2-0-22 

1-821^. 



73-63 

90-20 

115-59 

(44-32 

1 311 

1-643 

2-101 

2-628 

• 1 -822 

65^ 


73-80 

90-40 

115-81 

r44-C4 

1-345 

1-617 

2-110 

2-635 

1 -823 



73-90 

9p-60 

116-10 

144-96 

1 -3-18 

1 -bT.l 

2-116 

2-643 

1 -824 

65-2 


74-12 

90-^ 

116-35 

145-28 

1 -3.52 

1*656 

2-122 

2-650 

1 '82:) 

i--' 

165 

,74-29 

91-00 

116-61 

145-60 

1 

1-661 

2-1-28 

2;657 

1*82(] 

C5-3 



91 -2.5 

116-93 

116-00 

1 -m 

1-666 

2-135 

2*666 

1'827 



74-tJ9 

91-50' 

117-25 

146-<.*0 

1-364 

1-671 

2-142 

2-675 

1 *828 

05-1 


74-Sli 

91-70 

117-51 

146-72 

1-368 

1-676 

2’148 

2-682' 

1'829 



75-03 

91-90 

n7-76 

147-04 

1-372 

1-681 

2-154" 

2-689 

1-830 


166 

75-10 

92-10 

n8-Q2 

147-36 

1 -370 

1 -685 

2-159 

2-696 

i-asi 

05-5 


75-40 

92-43 

118-41 

147-88 

1-3S2 

1-692 

‘2-169 

2-708 

1-832 



75-61) 

92-70 

118-73 

148*32 

1-386 

1-098 

2-170 

2-717 

1-833 

G5-G 


75-89 

92-97 

119-07 

148*73 

r391 

1*701 

2*184 

2-727 

1-83} 



76-12 

93-2,5 

119-43 

149:18 

1-396 

1*710 

2*191 

2-736« 

V835 

65-7 

107 

76-38 

93-56 

119-84 

149*70 

1 -402 

1*717 

2-200 

2*747 

1-836 



76-57 

93-90 

120-19 

IGO-Oo 

1 -106 

. 1*722 

2-207 

2*755 

1 -837 



70-90 

94-25 

120-71 

150-72 

1-412 

1*730 

2*217 

2-769 

1*838 

or. -s 

... 

77-23 

94-60 

121-22 

151 -36 

1-419 

1 -739 

2-228 

2*782 

1-839 



77-55 

95'00 

121-74 

152-00 

1-12^ 

1-748 

2*239 

2*795 

1-810 

05-9 

108 

78-01 

55-80 

122-51 

152-96 

1*436 

1-755 

2-254 

2-814 

1*8 4 or. 



78-33 

95'95 

1-22-90 

153-52 

1-441 

1 -76,5 

2-262 

2-825 

1-8110 



7n-60 

96-38 

123-45 

154-20 

1*448 

1 - 7.74 

2-273 

-2-838 

1-8415 

,,, 


79-47 

97-35 

''1-24-69 

155-74 

1-463 

1-792 

2-296 

2-867 

1*8410 


... 

80-16 

98-20 

125-84 

157-12 

1*476 

1*808 

2*317 

2-893 

1-8405 



80-43 

98-52 

126-18 

157-62 

1-481 

1-814 

2-325 

2-903 

1-8400 



80-59 

98-72 

126-44 

157*94 

1*483 

1*816 

2*327 

2-900 

1 *8305 



80-63 

98-77 

126 50 

158-00 

1-484 

1*817 

2-328 

2-907 

1-8390 



80-93 

99-12 

126-99 

158-60 

1-488 

1-823 

2-336 

2-017 

1 -8385 


... 

81-08 

99-31 

127*35 

158-90 

1-490 

1-826 

2-339 

2-921 


1 Litre of c'.]i(!iincaily pure Acid 
contains kiiograma of 


A tabic givinfj the relationship between the percentage content and 
the readings of the hydrometer employed in the United States has been 
published by Elliot.' ,, “ 

The tables calculated by Richmond-and by ManshalUfrom Pickering’s 
measurements,* and which they regard as very exatt, arc not really so, 
since Pickering only employed a relative and'hot an absolute unit for his 
determinations; the figures consequently require to be corrected by multi¬ 
ply ing by the factor oqp/q.asgiven by the German StandardsCommission.*’ 


' Temperature Correction. 

Since in practice specific gravity determinations are seldo.m made 
at exactly l5'C., it is neces.sary to have a means of correctingVeadings 
made at a higher or lowpr temperature. m 

^ f.^Soc. Chem, /«(/., 1898,' 17, 45. IhuL, 1890, 9, 479. 

Ibid,, 1899, ^0, 6. J. Chem. .S’oe., l89Qr/ 57, 63 and 331. 

Report, 1904, p. 221. ' . 
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Lunge has compn«l a table, based on an cxtendeS series of observa¬ 
tions, for this i|urposc. An abridged form pf the complete tablets given 
below.^ A very complete table has ^Iso been published by the German 
Standards Commission, with which Lunges table agrees very well dowin 
to a sp. gr. i-ioo = about 15 per cent. IljltO.j. The table, is, inapplicable 
for weaker acids, owing to an error which canncA now be traced ; it is 
however, seldom likely to be required fof such weak acids. 

• 

Table showing the IntlueUce of Temperature on the SpeciSc • 
Gravity of Sitlphuri? Acid. * 

a. Specific gravity at 1574,' i under /, changes in»bpecific gravity ;it tliQ leAijicraliiro /. 



0- 

10 ' 

• 20' 

!i0’ 

dll’ 

60' 

OU' 

- - . 


-.. 


* . _ . - - 




1-840 

i 0-015 

1 0-005 

- 0-005* 

-0-01.5 

- 0-025 

-0-034 

- 0-044 

1-8‘^U 

16 

5 

5i 

16 

26 

07 

47 
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MANUFACTURE OF SULPHUpiC^ACID , 

Foi; temperatures below 15° the values giji'en in the column / 
must, df course, be subtr/jcled from the observed |.reading; for 
temperatures above 15” the corrections‘must be added to give the 
vi>luc at 15°. A table has also teen calculated by Fuchs’ for this 
correction. \ ' 

<l < ' 

The following tabU, p. 427, worked out by the Chemische Fahrik, 
Grie.sheim, will be fpund useful'in man^ cases. 

It is to be Moted that the values given in all the above tabJbs only 
f.old g'ood for chemically pure acid. liW commercial'acids the specific 
gravities at the highest concentrations are appreciably higher than the 
values gj.ven* in the tables, biit the variations between acids made at 
different works are too'irregular to permit of a table being prepared for 
such acids. The specific gravity is influenced in the case of nitrous vitriP'l 
by the percentage of nitrous acid present, and in the case of chamber 
and concentrated acids by the presence of sulphurous acid, lead sulphate, 
nitrogen oxides, arsenic, and‘'iron. The quantities of these usually 
present'in sulphuric acid arc too slight markedly to affect the spcqifip 
gravity; but occasionally the acid is strong'y contaminated with iron, 
aluminium, or sodium salts, The iron may result, for example, from 
pyrites dust, the aluminium „from the [jacking of the Glover tower, 
or from the fireclay fretiuently employed for temporarily repairing leaks, 
the .sodium salts from solutions of Chili saltpetre or Glauber’s salts, 
which sometimes get into the chambers through carcle.ssness. Nitric 
acid, which occurs in appreciable quantity in sulphuric acid recovered 
from spent nitrating acids, akso causes an incrca.se in the specific gravity. 

The influence of impurities on the specific gravity of sulphuric acid 
has been dealt with by Lunge,'’ also in a paper by Marshal),’’ and 
in special detail by the German Standards Commissipn.’ According 
to the Commission the Glover acid, as might be expected, is the most 
impure, the differences between the actual percentages found by analysis 
and those obtained by calculation from the tables varying from o 5 to 
1-87 per cent. “Commercially pure” chamber agid showed differences 
of O'OI to 0-26 per cent.; acids oV 142'Tw., of (exce[)tionally) 003 to 
1-55 per cent.; acid.s of 168"Tw. made frorr. cliamber acid, differences 
of 0'24. to .0-76 per cent., in one instance only 0 02 per cent.; whilst 
acid free from arsenic differpd from the actual percentage by from 0-09 
to 0-65 per cent. Acids made by the contact process showed differences 
of only 0'02 to 2,23 per cent.jand acid manufactured from sulphuretted 
fiydrogen of only 0’02 to 0-l8 per cent. 

Since tl)C changes in specific gravity with strength are v<,ry slight 
in the case of high-strength acids, and as it is just in these acids 

‘ Z (jufOT. C/mii., 1898, II, 950. 

^ W. V^yld, A'flw Matfyia's for the Manufacture of Sulphuric Acni and the Manufacture of 
Sulphur Dioxide^ 192;, p. 2 o 7 - 

/. Soc. Chem, Ind,^ 1902, 2I> 


4 Reporiy 1904, p. 243 et seq. 
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MANUFACTURE OF SULPHUBIO ACID , 

that the impu^itfes, always present in comip/'rcial acids, have the 
greater effect on the speijific gravity, which Ms incrj'ased by their 
presence, the tables for acids of pver gd per cent, strength should be 
irsed only for guidance in j:he works; for selling purposes, actual 
analyses sho,uld always be mafle.' 

Richmond and Mi*rrey\vcther' utilise the heat of admixture with 
water as a convenient and rrfpid moans of ascertaining the strangtji 
of a sample of suiphuric acid. Into arDa'yvar vessel is put 400 g. of 
"water^at a temperature near 18° C., whic^i is moasured^by a thermometer 
reading to 0 01" C. When' the temperature is constant, 5 c.c. of the 
strong acid 'is accui^tely run in from a pipctte,'-and the acid is sdrred 
by the thermometer Kill con,«tancy is i^gain ^ reached. Then, from 
Pickering’s results* ^ ' ' 

Percentage of I[„SO, = 100 - 7.33S.'< — 4.139 x _ 1£2 -Ji'j 

‘ 400 \ 400 + ?« / 

where iv is the water equivalent of the calorimeter, and R is the 
of temperature. . ' . 

Lichty* finds that pure monohydratc has a maximum freezing 
point, 10-43'’—iO'45° C., ami a shariily* marked'minimum electrical 
conductivity of 0-01041 reciprocal ohm. For acids containing between 
95 and too per cent, oi monohydratc, mea.surcmcnt of'the conductivity 
affords the most accurate means of determining their strength. 


Boiling Points of Sulphuric Acid. Lunge.’’ 
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‘ An'fy!/, 1917, 42, 273. 2 _/. C/irm. Soc., 1890, 57, 94. 

=/. .iMff. C/;«». i’uf., 1908, 30, 1834. ‘ 7 )V., 1878, II, 370. , 
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Melting P(|ints of Sulphuric Acid. Knie/sch.* , 

Enl.irged by Lunge by the addition of thj corresponding percentage of H3SO,. 

The melting points given in the table are the te)<ipcraturcs which remain constaift 
during the period of complete crystallisaIio;i; tluit is, from tljc Jemperature at 
which crystals begin to appear in the cooled acid until the stage when the mass 
becomes solid after removal from tile freezing mivlure. 
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Qum’-ITATIVE IsXAMlNATIO^ (IF SLT.rilUKIC 7\CID’ FOR iMrUKITIEH 

The impurities likely to be presenj, in ordinary commercial sulphuric 
acid are:—Sulphates oS'sodium (less frcciuently potassium), ammonium, 
calcium, aluminium, iron and lead, cxceptionaljy alsQ of zinc and 
copper; arsenic, selenium,’thallium, titanium, nitrogen oxides,'hydro¬ 
chloric acid, sulphurous acid, and hydrontiofic acid. 

Acidum sulfuricum purissimum is, Recording -to Krauch,' tested for 
fixed residue, nifric acifl, selenium, redilcing subs’tanc'cs, lead, other, 
metals, arsenic, ammonia, and the halogens. 

General examination for gaseous impurities (Waringttm). Two 
kilos ot the undiluted acid arc thoroughly sjiaken in a flask, of a 
capacity equal* to twice the volume of the acid, as to saturate the 

^ . • 

^ 1901, 34, 4100. • ^ 

The TeHmg oj (Jhemteal Reagents Jor /-%nly (1919), p* 2^2. 
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' air in'the flask »vith the gases dissolved in the^ipid. The atmosphere 
in the llask is then tested for sulphurous acid by iodisefc starch paper 
and for gaseous oxides of nitrogen by potassium iodide starch 
[Japer. Any blue coloration ^produced by the latter gases will not be 
destroyed by 'sulphurous acifi unless this is present in considerable 
excess. Sulphuretted hydrogen reacts like sulphurous acid in this 
test. , , , * • 

Si/lphurous add. This gas will dect^lorise a starcb solution rendered 
faintly blue by iodine; or it may be coiivcrtetl nito sulphuretted 
hydrogen by means of zinc o'r .aluminium, and examined by le.ad acetate 
paper or-by an alk; 4 *Q,e solution of sodium nitroprusside. The latter is 
a very delicate test. •' c , 

■ Hydrochloric add. Two g. are diluted to 30 c.c., and a fo’v drops , 
of silver nitrate solution added ; in. the case of acid, sulfuric, puriss. 
no turbidity should result. The hydrochloric acid present in ordinary 
commercial vitriol arises from the sodium chloride present in the nitre. 

The qualitative e.xaniination for traces of nitrogen adds is best m'ade 
with diphenylamine. The diphenyh.minc'is dissclved in about 100 
parts of pure sulphuric acid, or failing this, in an acid freed from 
nitrogen compounds by boiling with 4 he addition of a very small 
amount of ammonium sulphate, and the solution diluted with about da 
of its volume of water. The solut.ion may be used at one'e, or may be kept 
some time ; but it gradually becomes discoloured and le.ss sensitive. 
In testing concentrated sulphuric acid for nitrogen acids about 2 c,c. 
of the acid is placed in a test-tube or conical test-glass, and about 
I c.c. of the diphenylamine solution added carefully so that the two 
layers only mix slowly; in the case of weaker acids or other .solutions of 
lower specific gravity the order is reversed, and the heavier diphenyf- 
aminc solution placed below. The slightest trace of nitrogen acids is 
shown by the development of a beautiful blue colour at the junction of 
the two solutions.^ ' i 

.In the presence of selenium (for the detectibn of which see infra), 
which also gives the above reaction with diphenylamine, nitrogen acids, 
if present in, some^vhat large quantity, may be recognised by the 
decolorising effect on indigo solution, whilst if only present in traces 
they may be detected by the reddening produced in a solution of brucine 
sulphate. The deteotion of nitiogen acids by means of ferrous sulphate 
.has been describefl above (p‘. 411). *■ 

Nitrous add can be detected by a number of very delicate reactions, 
which are* not given by nitric acid. The.se include the bltie colora¬ 
tion produced in potassium iodide starch solution, or still better in zinc 
iodide starch solution.' Its presence is detected with especial eiase by 
the formation, of azo-colours, a reaction first discavered by Grie^, 

^ Cf. biAige, Z. attgew, Ckem., 1894, 7 , 345 - 





even when prepared from a perfectly wMte salt becomes dark coloured 
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after a relatively short time, aijd as 


further^ in very dilute solutions, sucli as i, in lOOO millions, the 
reaction takes pl;jce so slc^l-ly^hat it is impossible to be quite certain^ 
that the coloration arises from the substance tisted and not from 
nitrous acid present in the air ; thc’time, may be appreciably.shortened 
by warming the solution, but even in this case to twenty minutes 

may be necessary. „ ' 

llos,vay' found that by using acetic acid instead of sulphuric acid or 
hydrochloric acid, the time required for the reaction is very much 
decreased, and that at the same t>ime the, colour is developed to a much 
greater extent. lie overcomc.s'the difficulty of the discoloration of the 
Tut^.ihthylamine by adopting‘the following method of preparing the 
solution ;—0'5 g. -if sulplfaniliciacid is dissolved in 150 c.c. of dilute 
acetic acid and O'l g. of solid iiAphthylamine is boiled with 20 c.c. of 
water, the coloiirles.i'solution'i^ioured off from the bluish-violet residue, 
and 150 c.c. of dilute acetic acid added to this solution. In testing, a few 
c.c. of tlic sulphanilic acid solution are added to about 20 c.c. of the 
solution to be examined, the mixture warmed to 70° to 80”, and the 
naphthylamine solution then added. In the presence of one part of 
nitrous acid in 1000 million parts of solution the red coloration, due to 
the azo-colour produced, appears in about a minute; if the nitrous acid 
be present in relatively large amount, about i ; 1000, only a yellow solu- 
"tibn is obtained unless a concentrated solution of naphthylamine be 
employed. ' 

Lunge - mixes the solutions of sulphanilic acid and naphthylamine 
prepared according to Ilosvay’s directions, and keeps the mixture 
in a wcll-stoppcred bottle. It i.s unnecessary to exclude light *om 
the mixed solutions, hu-t it is essential to prevent access of air, since 
this may possibly contain nitrous acid as an impurity. By thus combin¬ 
ing the two reagents in a single solution, any contamination' by nitrous 
acid from the atmosphere is at once evidenced by the red colour of the 
solution. A solution that has become red may be very q-jickly rendered 
fit for use by shaking with zinc dust and filtering. With the reagents 
ready mixed, the reaction may also be hastened by warming the solution 
to 70° to 80". (Cf. infra, under the quantitative application of the 
ijiethod,,) . 

Riegler'* recommends the use "of naphthionic acid or sodium 

i'oi. CVii/S?., 1889 [3], 2, 317. • az/iW. r/i?OT., 1889, 2, 666. 

’ Z. anal. Chem., 1896, 35, 677 ; i 897 i 36. 3o6, 377 i^ 65 - 
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naphthionate aipd / 3 -naphthol, but this has nod^Jvantage over Griess’ 
reagent's, and according to Ricglcr himself is nut so sa.isitivc (i : lOO 
million). This reagent can be used colorimetrically. 

*■ For other mcthod.s see H.rErdmann ' and Mennicke.- 

Ikucine hi sulphuric acid lolution reacts only with nitric acid and 
not with nitrous acid when sulphuric, acid is present in large excess; 
nitrous acid only gives a coloration if the solution contains at least two 
parts water to each part of sulphuric acitl. - Consequently, to test only 
for nitric acid, the solution should contain sulphuric acid equal to 2/3 of its 
volume, and the test be carried out by adding i c.c. of a solution of 0'2 g. 
brucine in 100 c.c.-sjarong sulphuric acid, to 50 c.c. of the solution bo 
examined. In the pre.sence of 0 01 mg. nitrate-nitrogen, a red colour 
results, subsequently passing through orange to a golden j’ellow,'* 

Ilydrojluoyic acid may be detected by warming the acid in a 
platinum dish, covered with a glass ijilate coated w'ith wax in which 
figures have been scratched. 

Ammonia. Two g. of the acid is diluted with about 30 c.c. of 
water, the solution made alkaline by the' additiitn of a potassium 
hydroxide solution containing 3 to 4 g'. pure hydroxide, and ten to fifteen 
drops of Nessler’s reagent added ; no diistinctly ) eirlow or brownish-red 
coloration should result, 

Krauch states that by this method i mg. Nil.; in 100 g. concen¬ 
trated sulphuric acid will produce a distinct yellow coloration and 
turbidity. 

Solid impurities. Lead is shown by any turbidity which results on 
the addition of five volumes of strong alcohol to one volume of the 
acid ; simple dilution with water is sufficient if the lead be present 
in considerable quantity. 

Iron. The acid is boiled, after the addition of one drop of pure 
nitric acid, diluted slightly, and when cold, treated with an excess of 
thiocyanate solution. A blank test should always be made with the 
nitric acid employed, to make sure that any red coloration produced is 
not due to this. ' - 

Venable ■* employs a mixture of cobalt nitrate and strong hydro¬ 
chloric'acid. Traces of ferric salts change the blue colour of the solu¬ 
tion to green ; ferrous salts do not affect it. 

Selenium is recogiiised by the red coloration and subsequent red 
precipitate prodded by the addition of ferrous sulphate, or, preferably, 
sulphurous acid to the solution; the reaction is hastened by warming. 
The preseiTce of 001 per cent. 01 selenium is shown, after some hours, 
by either reagent. Selenic acid cannot be tested for by these reagents, 

T 

^ angtw. Chem.^ I900, 13, 33. ” Ibul.^ 1900, 235 find 711. ^ 

^ Cf. Wiuklcf, Z, angew. Chem.., I 4 i 170 ; and, Lunge, iyoi, 14, 241. 

■* Z anal. Chem.^ 1889, 28, 699. . 
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but it may be detect®,by means of acetylene, whicJi ^Iso reacts with 
selenious acid,|and pifiduces a red coloration in the presence t)f only 
o-ooi per cent, of selenium ;• a little hydrochloric acid hastens the 
separation of the selenium, which is solublC|;in hot sulphuric acid, forming 
a green solution. ’ ,, 

J)ETl-:CTION AN’l) Ari'ROXB’iATK ISSTIM.VTION OF ArSIAMC 

Examination for this ’impurity is always important, and it is 
necessary in all cases where the acid is sold as pure, or is 
intended for use in the preparation of, substances such . as glucose, 
tarta*ic acid, mineral water, yeast, etc., which ei-Lher directly or in¬ 
directly may be used as faod-stuffs. Sulphuric acid prepared from 
^pyrites, jjnlcss specially purified, usually contains from o-i to o-2 per 
cent, of arsenious oxide, and, in exceptional cases, up to i per cent, 
and more. 

Very special attention has been directed to the presence of arsenic 
iTl-?ulphuric acid, owing to the numerous and in some instances fatal 
cases of arsenical poisoning that occurred in the year 1900. It was 
found that these cases arose from tfie consumption of beer, in the brewing 
of which glucose containing laTsenic had been employed, the arsenic in 
the gluco.se being traced in turn to the sulphuric acid used in its manu¬ 
facture. The iiifcstigation into the ojigin of this poisoning led to the 
publication of much important work on the detection and estimation of 
arsenic in various materials.* 

Of the various methods of testing for arsenic, that of Marsh, more 
recently and correctly known as the Mar.sh-Berzelius test, is by far the 
most generally employed; the Reinsch and the Gutzeit methods arc 
als'o largely usdll. 

As a sequel^ to the outbreak of arsenical* poi.soning referred to 
above; a joint committee of the Society of Chemical Industry and of 
the iTocicty oftPublic Analysts was appointed in 1901 to investigate 
the various methods {Sr the deteetios jnd approximate estimation of 
arsenic in beer, brcwei*’’ i]jaterials, food-stuffs, and fuels; - this com¬ 
mittee reported in favour of the Mar.sh-Berzelius test-as the mo.st 
reliable and generally applicable method. 

According to Hehner,“ ordinary pyrites vitriol contains on the average 
0-2 per cent, of arsenious acid (As./.).,)such acidt after purification, he 
considers pcrmissiBle for u*sc in the preparation of fooJs'^iTd for the other" 
purposes prentioned above, provided that the arsenic left in does not 
exceed o-f>5 mg. As.,03 in 10 g. of the acid, that is, cTne pari As.^O,, in 

** r/,ivfport of the Royal Commission on Awenical Poisomng, 1903 ; .Sh,. C 7 ifm. /;/(/., 

1904,23.159. * • 

■ The fuil Report (#3lie Committee is publislied in^he J. Soc. Chent. huff, 1902, 21, 94. 

/. Sm. darn, hmf., 1901, 20, 188. ‘ * 
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434 


MANUfACTURfi OF SULPHURIC ACID 


L 

, 200,000 parts a'cid. Very frequently the anjqunt of arsenic remain¬ 
ing after purification is less than this limitiiig valu<j, but no acid 
prepared from pyrites, and perhaps not 'even that from Sicilian brim¬ 
stone, is absolutely free ffom^^arsenic; on the other hand, such freedom 
might be expefted in acid majle 'by the contact process when platinum 
is employed as the contact material. Acid prepared by the ferric oxide 
contact process is not free from arsenic (Conroy). 

A. The Marsh-Berzelius Test. 

The (Uctrial test^ as propo'sed by Marsh in .1827, consisted in the 
formation of a dark stain on a piece of cold pr.rcelain brouglit ihto a 
burning mi.xturc of hydrogen and arseniufetted hydrogen, h'or mo'/e 
exact purposes, this is generally combined with the Berzelius 'reaction ' 
by heating the arsenical hydrogen during its passage through a 
glass tube, and so decorapbsing the arseniuretted hydrogen with 
the sepkration of the arsenic in the form of a mirror. , , 

The following arc the details and conditions for carrying out fhe 
test as recommended by the joint committee of the Society of Chemical 
Industry and the Society of Public Anal^ysts. ,, 

The materials required arc ;— 

1. Hydrochloric acid The purest hydrochloric acid obtainable is very 

rarely free from arsenic. To thd “ pure ” acid as purcha.sed for analysis 
diluted with distilled water to a sp. gr. of mo, sufficient bromine is 
added to colour it strongly yellow (about 5 c.c. per litre); sulphurous 
acid, either gaseous or in aqueous solution, is then added in excess, 
and the mixture allowed to stand for at least twelve hours ; or^hydro- 
bromic acid and sulphurous acid may be used. The acid is then 
boiled till about one-fifth has evaporated, and the residue can either be 
used direct or it may be di.stillcd; the whole of the arsenic is volatilised 
with the first portion. '' . 

2. Sulphuric acid. This is more frequently pbtainatte ar.senic-frce 

than hydrochloric acid. If not 'procurable, to about half a litre of 
sulphuric acid, “pure for analysis,” a few grams of sodium chloride 
are added.and the mixture distilled from a non-tubulated glass retort, 
the first portion of the di.stiilate, about 50 c.c. being rejected. For 
the purpose of the tejt, one volyme of the distilled acid is diluted with 
four volumes 2f.,y/ater. , , 

3. Nitric acid can, as a rule, be obtained free from arsenic, without 
much diffifulty, the pure redistilled acid being used. This phould be 
tested by evaporating 20 c.c. in a porcelain dish, which should then be 
washed out with dilute'acid, and tested as described below. ' ■, 

The purified acidS should be prepared as required, and should i^ot 
be stored for any lengtt} ^of (Ime. If they must be stored, however, 
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Jena flasks are to beijyeferrecl, since most bottle glas^ is liablyto com-* 
municate tra(*es of aticnic. • 

4. Zinc. Arsenic-frcc zinc is .obtainable from chemical dealers 

It should be re-granulated by meltiilg and pouring it from softie 
height into cold water. A. H. Allefi hjplds it to be esscyitial, both for 
a regular evolution of hydrogen and for the formation of uniformly 
^depwsited brown-coloured mirrors, that the zinc should contain a trace 
of iron.* .» • * , 

5. Calcintn I'ydro.xide. Even when made fro;n white marble this 



is not always free from afsenic ; a seleetion mu.st, therefore, be made 
from various sample.s. If*pure lime is not obtainable, magnesia-may 
equally well be used, and can more re'adiJy be obtained of sufficient 
purity. , . . 

6. Calcinm chltride. I'his salt often coirtains arsefliofitiid before bein^ 
used as a drying agent must be freed from the volatilisable part of the 
impurity*by moistening it with strong hydrochlorif acid, fusing, and 
re-granulating. 

T<ftc appar*atus to be tiscd is shoiifti in Fig. 104. 

(f A bottle or (Jii.sk, a (which for frothing materials should preferably 
be wider at the top than at the bottom), hokliiig about 200 c.c.. is fitted 
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.with a doubly boi^oc^ cork or rubber stopper, or w,\m a ground-in glass 
connectictn carrying a tap funnel, h, holding about 50 c.c.(j and an exit 
tube, c. The latter is connected wjth a dfying tube, rf, containing first 
a foil of blotting-paper, e, soakfed in lead acetate solution and dried, or 
a layer of cotton wool prepared id a similar way, then a wad of cotton 
wool, /, then a layer, of granulated calcium chloride, and finally a 
thick wad, A, of cotton wool. To this tube is fitted a hard glass tube, 
drawn put as shown in the figure to a' thf.jner tube. A, and of such 
external diameter tli^at at the place where the arsenic mirror is to bo 
expected, t,he tube just passes'through a No. 13 Birmingham wire gauge 
(corre.spoitding witlvc.092 incii = 2-34 mm.). The exact size is ^not 
material, but all tubes used for standards and tests should be as nearly 
as practicable of the same diameter. A good Bunsen flame is used to' 
heat the hard glass tube close to the, constriction. About one inch of 
tube, including the shoulder,ou^ht to he red hot. A piece of moderately 
fine copper gauze, about one inch square, wrapped round the portion of 
the tube to bo heated, assists in ensuring an equal distribution ofheah » 

Method of testing. About 20 g. of, zinc is placcc;! in the bottle, a, 
and washed with water to clean the surface, as particles of dust may 
contain arsenic ; all the part.? of the apparatus an: connected up, and 
a quantity of acid, prepared as described, is allowed to flow from the 
funnel, h, so as to cause a fairly brisk evolution of hydrogen. When 
the hydrogen flame, which during the heating of the tube, /, should be 
kept at as uniform a height as po.ssiblc (about a quarter of an inch), 
burns with a round, not pointed tip, all air has been removed from the 
apparatus. The plug in d prevents the flame from striking back. The 
burner is then placed under the hard glass tube as described, and-more 
acid (lo to 20 c.c. is generally enough) run in as required. With good • 
materials no trace of a .mirror is obtained within half an hour. Great 
care must be taken that when additions of acid arc made to the .zinc, 
no air-bubbles are introduced, since in 'presence of ajr the ars'enic 
mirrpr may become black and unevenly distributed ; when the experi¬ 
ment is properly conducted the mirror is broVm' Should the blank 
c.xperiment not be .s_atisfactory, it must be' ascertained, by changing 
the materials methodically, whether the fault' lies with the acid, zinc, or 
other materials, or with the apparatus. 

Preparation of statulard mirrors. When a satisfactory blank experi- 
pient has been*‘'ei«jlncd, a series of standard mirrors are prepared under 
the following conditions:— 

A hydrtKhloric.acid solution of arsenious oxide,containingffi'OOi mg. 
AsgOj per c.c,, is prepared by diluting a stronger solution with distilled 
water. Two c.c. of this, .solution, e'liual to o-oePz mg. of arcenious ‘oxide, 
is introduced into the apparatus, a new tube, ik, havii^ been joined 
the drying tube. If the* ainc is sensitive, ^ distinct brown mirror is 
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obtained after twentr^inutes. It is important to not^ that some “pure 7 
zinc is, froin*a causefat present unknowi^not sufficiently sensrtive; that 
is to say, the addition of minutti quantities of arsenic produces no 
mirror (on this point see p. 412), The portion of the tube, ik, contdin- 
ing the mirror is scaled off while sfill filled with hydtogen ; in contact 
with air the mirrors gradually^fade. Mirrors^are then similarly made 
.with 0-004, 0006, o-oo8, and 001 mg. of arsenious oxide. With a little 
practice it is ea.sy to obtain tbe deposits of arsenic neatly anj equal^ 
distributed. The standard mirrors, properly m,irked, are mounted on 
a white card or porcelain slip. It'is important to bear in mind that the 
firjt stage of every tbst must be a blanf< of at leasWwcnty minutes. 

Ilydrochlorie acid is somewhat more sensitive than sulphuric acid ; 
that ij to say, it gives rather denser mirrors with minute quantities of 
arsenic. If for any reason sulphuric acid is preferred, the set of 
standard mirrors must be prepared with this acid. 

Organic materials, such aS beer, yeast, etc,, cannot be tested, when 
tVjililphuric acid is used, without destruction of the organic matter, whilst, 
as a rule, they caji be dirtctly tested with hydrochloric acid. However, 
many materials arc met with in which it is preferable to destroy the 
organic matter. • ' 

Procedure without destruction of organic vintter. The apparatus is 
started and a •blank experiment allowed to go on for twenty minutes. 
If no trace of a deposit is obtained, 10 c.c. of the liquid to be tested, 
and 10 c.c. of hydrochloric acid are put into the funnel, h, and slowly 
introduced into the bottle, care being taken to ex'clude air-bubbles. 
Some materials, such as beers, are apt to froth, hence the necessity 
for the slow introduction of the sample. If after about ten minutes no 
' mirror appears, another 10 c.c. of the liquid with 10 c.c. of hydrochloric 
acid are added, and the experiment continued for from fifteen to twenty 
minutc.s, acic](’bcing added from time to time as ma^ appear necessary. 

* The repqrt also deals \\ 1 th the special precautions to be observed in 
the examination of*malt, hops, su"ar, and other brewing materials, as 
well as the particlikijA for cases in which the organic matter present 
must be destroyed, as *s frequently essential.^ Fuel, for example, i.s^ 
incinerated after mixing with lime or magnesia, and the •rc“;ulting 
residue e.xtracted with hydrochloric acid K) obtain the “total arsenic.” * 
If sulphites are present they must be o;»idiscd jDy bromine, the 
excess of the laKcr being removed by hiating. 

The committee found that arsenic acid as well as ar.scnious acid can 
be detacted and estimated by the pfrocedure described, i'he quantita- 
_ tive results are, of course, only approximate, and cannot be relied upon 
for‘quantities of arserfious oxide *bclow 0-003 >Tig- As an additional 
precaution, a s^ond tube should always be substituted for that contain¬ 
ing the mirror, and the ^experiment coniimied for a further period of 
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/rom fifteen to hi^nty-five minutes, and any arsenic deposited added to 
that previously obtained. As a further check, thet te.sts should always 
be made in duplicate. r 

•^To prove that the mirror (fotaincd actually consists of arsenic, the 
narrow portiop of the tube, which Mrould not contain more arsenic than 
corresponds to O'Oi mg. b\.s.,03, is cut off, the hydrogen di.splaced by air, 
and the ends of the tube then fused together. The sealed-up tube is, 
then dr^wn several times through a Builsen''flame until the mirror has 
disappeared; on cooking, minute crystals of arsenious oxide appear. 
The sparkling of the crystal.^* can be seen with the naked eye, if the 
tube be held in froeit of a luminous (lame, and the crystals may,be 
readily identified under tfie microscope. , ' 

By carrying out the te.st in the, manner de.scribcd, it is pos.sjble to 
detect, when working with 20 g. or 2 Q c.c. of substance, as low a per¬ 
centage as 0'0000i5 AsjO;; or one part As^Oj in 7,000,000. 

The foregoing description is intended'for the detection of extremely 
minute quantities of arsenic in fond-.stuft's and the like for forensU.* 
purposes; fuel is included bn account'.of its'use in,the “kilning” of 
malt. ■’ 

For the examination of sulphuric acid the method may be simplified 
by suitable modifications. For works purposes, for example, in testing 
whether, in purifying, all the ,arsenic has been precipitated by 
sulphuretted hydrogen, a much simpler apparatus will suffice, the test 
being frequently carried out in a flask fitted with a glass tube drawn out 
to a point and bent at right angles, and the examination made by 
observing whether the hydrogen flame will produce a stain on cold 
porcelain, If no stain is produced, it is assumed that only harmless 
traces of arsenic remain in the acid. ' 

A further refinement Ln the method for the detection of arsenic has 
resulted from the work of the special Committee,' appqintcd by -the 
Board of Inland Revenue, of which I’rof. T. E. Thorpe anted as chair¬ 
man. , In the report two methods of carrying outthe Marsh-Berzelius 
test are described, namely, the zinc method and the c'lcctrolytic method. 
The details for the first agree with those of the earlier arsenic committee 
(p. 434), except that the apparatus recommen'ded is much smaller and 
' the quantities of acid and zint employed correspondingly less. The gas 
evolution takes .place more slowly and the arsenic is deposited on a 
sgialler surface af^hiss, which'latter allows of a'better tomparison with 
the standard mirrors. These improvements are considered essential by 
the Inland E.evcnuf Committee. ‘Where cost of apparatus nfced not 

^ Report of the Committee appointed by the Commissioners erf Inland Revenue to spcc^iy the 
ingredients of beers and the uaterials used in their preparation which are liable to be con-^ 
laminated by arsenic, rfnd to prescribe tests,tetc.; published by Wyman fiftons, London, 1903. 
QC also,/1903,83,974.* • . j 
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be considered 3.nd \4h^re suitiible clectriccil current jis nvailnMe, the < 
evolution of hydrogeil by electrolysis is rijcommended The design of 
the apparatus and the manner of cEwrying out the test, as worked out 
in the Government Laboratory, arc illuslTated and minutely described 
in the report. In this method the conditions of cxpariaicnt may be 
made absolutely uniform, and mo/e exact compaAsons with the standard 
i«irrt)rs should, in consequence, be obtained,; further, all troubles 
arising from the j^rcscnce.bf a'rscnic in the zinc arc eliminateai. , 
The apparatus. Fig. 195, consists of the followitig parts. The glass 
vc.ssel A, open below, is fitted with a* grounfl-in stopper furnished with a 
tap iiiinel the tube of which projects slightly ^clo'.f the stopjtcr. The 
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stopper is provided with a b'ent tube B', to which the calcium chloride 
tube C is attached b3f a ground-glai^s connection. A strong platuium 
wire, rt, is also fused.Hito the stopper, and to it a conical-shaped 
platinum cathode, ??', pierced with several holes, is.attachcd. The vessel 
A is supported by a porouiccll D, the distance between the Walls of the 
two vessels being from 2 to 3 mm. The pcJrous cell is made of Pukall’s 
porous porcelain, the walls of which are.from l to >5 mm.ihick; it stands 
in the thick-walled, glas.s*anode vessel E. ‘The anodWsWAeists of a strip, 
of platinum foil, 2 cm. broad, coiled loosely round the cell D, and con¬ 
nected tef the circuit by a strong platinum wire. Tihe whede stands in 
a cooliqg-vcssel, F, by aid of which the temperature is kept below 50°. 
The tube C aontains firmly a plug *of cotton wool, then for a length 
Jf 5 cm. pure, rather finely granulated, qalcium chloride^ which must be 
renewed after everjz three, or four experirfletits, followed by a second 
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, plug of cotton ivo'ol, and finally a roll of leac^ acetate paper; this is 
prepared by soaking filter paper in a cold satirated sJlution of lead 
acetate, and after drying in t!ie ai(,cuttiilg it into strips i cm. wide and 
then rolling it into a coil si as to fit loosely in the tube. A further 
small spiral folj of lead paper, is'also inserted in the exit-tube from C, 
which is connected witl the constricted glass tubeG by means of a small 
piece of non-vulcaniscd rubbef, care teing taken that the ends of tile 
^glass t.ubes arc in contact. The tube G is'made from a piece' of Jena 
glass tubing of 3-5, mm. internal and'5 mm. external diameter, and 
is clcanct) by successive tr^itmeiibwith acid, alcohol, and water. It is 
then dried And heated in the' blowpipe so thaf a portion of the/ubc, 
about 2 cm. in length a^ld 5 Qm. from the end, is softened, when it is 
drawn out to a length of 7 to 8 cm. and to'a uniform external diameter 
of 2 mm. The tube is then cut off near the end of the narrowed 
portion and the latter bent upwards to a height of i cm.; it is 
supported in slots in the metal cone H,'surrounding the Bunsen flame; 
a piece of platinum gauze, c, about 2 cm! square, is wrapped round Shr’ 
portion of the tube to be' heated in 'jhe bt.rner. Jhe small burner J 
has a circular base 12 mm. high and'a tube 6 cm. high, and 5 mm. 
internal diameter. • „ „ 

The resistance of the apparatus is 1-4 ohms, and working at 7 volts 
potential difference between the_pole wires and emplcying a current of 
5 amperes, 40 c.c, of hydrogen are liberated per minute; this gives a 
steady flame 2 mm. high. The original description contains directions 
for arranging the apparatus so as to permit several tests being carried 
out simultaneously, 

The sulphuric acid solution employed in the apparatus is prepared 
from pure sulphuric acid, tested especially for frecdtxn from arsenic; 
which is diluted in the, proportion of i vol. of concentrated acid to 7 
voLs. of water. 

^ To apply the test to sulphuric acid, J c.c. of the saqiple is diluted 
with 20 C.C. of water, 0-5 g. potas.sium metirfiisulpliite added the 
solution boiled to drive off thb sulphur diox.|(,le, tmd allowed to'cool. 
The object of the addition of the metablsulphitc is to reduce any 
arsenitt acid or arsenate present to the an,enious state, as this elec¬ 
trolytic method is only appli'cable to arsenic in the condition of an 
arsenite or of arsenioiis acid. , 

^ To carry test, thcvcsscls A, B, and E a»e first thoroughly 

washed with water, cold water poured into the cooling vessel F, and the 
tube G connected,with the drying tube C as described. Tte wires a 
and d are then connected with the current source by means of binding 
screws, 30 c.c. of dilute,sulphuric Lcid poured* into the anode ve'ssel E 
and 20\:.c. into.the pdrous cell D through the funneUB; the currents’ 
then switched on; after tej minutes the air will have been sufficiently 
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displaced to allow th^ ^ydrogcn to be lighted. At*the same time the, 
burner J is lijfhted, a.||d the flame so adjusted that thtf platinun 4 gauze e 
is maintained at a red heat. If at th^; eiuBof a further fifteen minutes no 
brown ring has appeared in the narrow portion of the tube G, it is safe 4 o 
assume that the acid is free from ar.s’en^. If this be the, case, 2 c.c. of 
rectified amyl alcohol is admitted to U thioiigh B, and followed 
immediately by the acid to be tested, whfch has previously been prepared 
as described above, and tht*funliel rinsed with 5 c.c. of water; tli^ funnel 
tube is thus kept full of liquid, a’nd air excluded froiji the apparatus. The 
object of the addition of the amyl alcolA)! is to prevent frQthing. If 
arsjijic be present, a’deposit will be formed, after few'miikutes, at a 
^oint I to 2 cm. rcmc>vcd from the hf^ted portion of the tube ; after 
thirty minutes practically all the arsenic will in most cases have been 
^deposited. The tap in B is then gpened, the outer end of G immediately 
held with a pair of forceps, and a small [jointed flame directed against 
the tube between the end anfl the deposit at a point 3 cm. from the 
y^er. The tube fuses togefher immediately and is drawn off. The 
electric current is,then srfitchet| off and th’c tube G heated ami drawn 
out near its wider end, care being taken not to heat the arsenic mirror. 
The piece of tube abbut 4cm.J(jng so obtained and containing the arsenic 
mirror, is placed on a piece of white paper and compared with standard 
mirrors preparad from very small quantities of arsenic employed in the 
form of a solution of pure arsenious acid in hydrochloric acid, and diluted 
so that I c.c. contains O'OI mg. As.j 0 .j. 

In order to obviate the necessity of reducing arsenic acid and 
arsenates, Trotman’ adds a few drops of zinc sulphate solution to the 
contents of the inner cell; this cau.ses the hydrogen to be evolved in a 
■ state of overvoltage which suffices to reduce any pentavalent arsenic 
present. The same object has been more .satisfactorily attained by 
using cathode^'of metals, such as lead and zinc, which have a consider¬ 
ably greater svcrvoltagc thifn platinum. Sand and Ilackford' recom¬ 
mend the use of lead electrodes, and Jiave de.scribed a suitable apparatus 
for the electrolytic’ eiitunation of minute quantities of arsenic, whilst 
W. Thomson “ recommends zinc electrodes; in both cases a com¬ 
plete reduction of the arsenic is said to be effected. ChapnsaH and 
Law* have shown that arsenile solutions arc completely reduced in 
presence of sulphuric acid wdien cathodes of load, tin„or of cadmium 
are used, but that with bther metals, incltiding iro»r»J»rge proportion 
of the arsenic is retained in the cell; arsenate solutions behave similarly, 
but in n6 case is the whole of the arstfnic evolved as,hydrid*. 

Kiijm and Saeger ^ have described a modified form of the Marsh 

* » * * t. 

' /. Scir. Chrm. huh, 1904, 23, 177. “ ,/. Cktm. Sue., 1904, 85,,1018. 

J. .’hue. 1904, 23, 799. ■ ■' .\unlyst, 1901J, 31, 3. 

Brr., 1890, 23, I^gS. . • • 



442 ^ MANUFACTURE OF SULPHURIC ACID 


mirror is suitable for quantita'rivc Qompar'ison ; the former results in the 
case of organic liquids (glucose, beer, etc.), the latter from inorganic 
solutions. Oplji dilute solutioi>s sliould be employed in testing, and for 
exact work fresh standards should be ipade each time. 

Bertrand-has proposed the following method for the detection of 
ToVo rqg. arsenic or less. The acid ustd f.-iwarmed_to from 30° to a 
maximum of 60", thc^zinc added, and all air driven out of the apparatus 
by pure carbon dioxide ; i tb 2 dro)is of platinic chloride solution and 
15 c.c. of dilute sulpiiuric acid ("i : 5) added, followed after an interv;.! of 
ten minutes by the solutit'-n to bo tested. The ^as evolved is dried by 
passing through a plug of cotton,wool previously heated to iqo", and 
then through a carefully cleaned glass.tube of i mm. diameter, which is 
narrowed by drawing out at a point some lo to 15 cm, behind the 
place at which the ring is to be produced. A length of 20 cm. of 
the tube' is heated to incipient redness. ‘ In the case of thick-walllai" 
tubes it is advisable to conhne the heated space by,jneans of strips of 
filter paper which are kept moist. Finally, the tube is scaled at both 
ends in a current of hydrogcfi. According, to TrciKlwcll,Hhc addition 
of platinic chloride is inadmissible. Pedersongives similar details to 

those of Bertrand. < 

« 

The zinc sometimes appears to be quite inactive (r/; p. 437), but such 
zinc has the peculiar property of becoming active on rcmelting and 
granulating. Allen ascribes this to the trace of iron, which maybe taken 
up on melting in an iron ladle, and on this account he purposely adds a 
trace of ferric sulphate. Large quantities of iron are, however,'to be 
avoided, since according to Parsons and Stewart^ they cause a portidn ‘ 
of tlic arsenic to be retained in the hydrogen generating flask. The 
influence of metallic salts on the sensitiveness of ^inc has been 
especially studied by Chapman and Law.*' 'Salts of palladium, platinum, 
nickfl, and of cobalt prevent the reduction of ars'Cnic to its hydride by 
zinc, whilst those of cadmium, tin, lead, alurrw'iiium, magnesium, and 
the alkali metals have no effect. Alloys of most metals with “sensitive" 
zinc,-similarly inhibit the reduction, with tlTo exception of the alloys 
of zinc with tin and with sadfnium. If, however, 2 g. of cadmium 
sulphate, or of stannous chloride, or of lead acetate, be added to 
one of the.sc.<rt*>«!.isitive alloys (with the Exception of that with 


tost, which permitsbf a quantitative estimation o(| the arsenic. Ackroyd* 
states tllat only the brown and not the blue modification*of the arsenic 


nickel), the whole of the ar.senic is evolved as hydride. Similarly, the 
addition ofi'2 g. qf cadmium sillphate to the apparatus containing 
insensitive zinc renders it capable of reducing arsenic compounds; 

, ^ 

^ J, Soc^ Chem, Ind.^ 1902,/2I, 1900. Bull Sac. Chtm.^ 1902 [3], 27, 85^, 

3 Analytical Chemhlr)\ 4th edition, vol.^i., p, 233. ^ Chem. Cenh^l^i, I., 250. 

“ /, Amer. Chnn. .Swc,, 1902, lto5. '' AnaiyU^ 1906, 31, 3. 
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also, magnesium is rendfrecl sensitive by the additiiJn.of a cadrhium, 
zinc, or lead salt. | f * 

Ar.senic-free zinc is readily prepared,according to Hehncr,^by melt¬ 
ing about 500 g. of zinc with about l g. of metallic sodium ; on stirring^ 
a black scum is formed on the surface of»thc metal, which ^s removed. 
The fused metal is then poured jnto a second truciblc, again treated 
with Sodium, and granulated. If this treatment j.s carefully carried out, 
the zinc obtained is absolutrfy ffee from arsenic. Pattinson and.Uunn 
found it preferable to distil the zinc from the zinc-sgdium alloy. 

The suggestion to employ alumin'ium foB and sodium hydroxide in 
placc^f zinc, cannot be recommended for exact wc»k. AccoKling to 
Hchner,'^ it is possible,* whcji working •with .<(fuminium and sodium 
hydroxi(]c solution, to fail in obtainirig a mirror even when 0-2 mg. of 
•ajse nioii s oxide is present in 25 c.c, of the solution. 

Great differences of opinion exist a.s^to the influence of sulphites, 
which arc frequently prc.sent in'beer. According to some authorities 
interfere with the formation of the arsenic mirror, ancT should 
con.sequently be oxidised Mth bromine wafer before testing {cf. p. 
437), whilst others maintain that they exert no prejudicial effect. The 
extremely small amount of julphur dioxide which may be present in 
sulphuric acid need scarcely bo considered. The presence of sulphites 
only calls for con»ideration in the examjnation of beer, to which calcium 
bisulphite has been added to check fermentation; traces of sulphur 
dio.xidc may also arise from sulphuring casks or hop.s. 

Allen “ purifies the hydrochloric acid intended for use in the Marsh 
test by adding a small quantity of potassium permanganate, and dis¬ 
tilling. * The distilled acid is quite free irom arsenic, but the first 
fraction coming \)ver contains chlorine and must be rejected. Thorne 
and Jeffers ^ dilute the acid to M sp. gr., and gently boil 2 litres of 
it for an hour vyith a .square of cop[)er gauze, 10 cm^ in the side and 
abouf 4 meshc* to the mm.,’wrapped round a glass rod. A second 
piece, and if nccessaryBurther pieces pf gauze are successively put.in, 
till the gauze remains .jierfcctly bright. The hot acid is transferred 
to a retort and distilled from a fresh piece of gauze^. The first 400 c.c. 
are rejected and 100 to 200 ^.c. are left in the retort. The intermediate 
acid is free from arsenic. Ling and Rendle*''' effect the purification by 
boiling hydrochloric acid of constant baling point, mixed with a small 
proportion of met+iyl aldbhol, in a reflux* apparatwr,»m»tler reduced , 
pressure, with bright electrolytic copper, free from arsenic; a little 
arsenic-fr^ granulated zinc is added fo the acid, 'fhe acid is then 


distilled pver pure copper. 

•* • 

0 * /. Soc, Ckem, 7 ;^, 1902, 21, 675. 

3 J, Soc. Chem. Ind.^ 1902, 21, 903. 
Analysl, 1906, 31, 3^. . 


^ Chfm, AVtt'l, 1901, 83, 34. • 

i Pioi, Chem. Soa, I902, 18, I18. 

• t 



444 


MANUFACTURE OF SULPHURIC ACID 


Other contrjbtitions concerning the estimi^ion of minute quantities 
of arsbnic hava been made by Lockemann,' Bfai and* Hurt,'^ Bishop* 
Bertrand and Vamossy,^ iiT the .report'of the Analysis Committee of 
•the International Congress'of Applied Chemistry, 1905,'’ and at the 
joint mcetjn^ of the Society? of Public Analysts and the Society of 
Chemical Industry imjanuary 1923.“^ 

Dawydow^ and Berry* haVe shown that selenium affects the dilicacy 
of thf test. 'Rosenheim and Tunnicliffc*’.have drawn attention to the 
fact that selenium, like arsenic, may give rise to .symptoms of poisoning.’® 
Rosenheim states that th(? presence of selenium is not shown by the 
Marsh 4 est| but tiiat when present with arsenic it influences tb-e size 
of the arsenic mirror, i'.nd msy even, untjer cQftain conditions, entirely 
prevent its formation. The Rcin;5ch test may be satisfactorily employed 
in presence of selenium, provided sUver foil is used instead of coope'. “ 
P'urther, Bettendorfs test is influenced by the presence of selenium, 
though the Gutzeit test is not. Schlndelmeiser ” has shown that in 
the Ma’rsh test selenium, if present, is deposited on the zinc, and,;!!!^*--;^ 
after such deposition is complete arstniurclted hytlrogcn is evolved and 
may then be detected as usual. • 

‘ • • . ' 

B. Reinsch’s Test. 

« 

This test depends on the Pact that clean copper when immersed 
in a hydrochloric acid solution of arsenious acid becomes covered with 
a grey coating of copper arsenide, AsoCUj; the deposit is formed in the 
cold if much arsenic is present, but only on warming if the solution be 
dilute. Arsenic acid only gives the reaction on warming. Since antimony 
also gives a coating of similar appearance, any deposit formed must be 
specially examined for arsenic (cf infra). 

The Rcinsch test has now been discarded to a considerable extent, 
owing to its not being approximately quantitative in characte*,-, and 
also because it is not reliable when the arsenic is present as arsenic 
acid, or when sulphites arc prbs^nt, and is iivpoint of delicacy inferior 
to the Marsh-Berzelius or the Gutzeit test.' It is, however, of consider¬ 
able jialue in certain cases. According to Allen it is preferable to 
other tests for detecting .arserdc in beer, etc. To carry out the reaction 
he purifies the hydfochloric qcid as described above (p. 434), adds 
a small qugjijibi,' of the. acid and brorrMiie water to 100 c.c. of 
the beer, boils for a few minutes to oxidise any sulphite present, 

' Z. C^*., 1905, 18, 416. ' 2 Z. ajK!/. C’liiM., 1904,43* 537. 

» /. Am/r, Chtm. Soc., 1906, 28, 178. ‘ Chem. Cenlr., 1906, I., 14(11. 

= j'fi/tor/, 1906, pp. 288-318. • " 1923, 48, 63. '• 

\Chim, CeiUr.^ 189^ 1 ., 811. J, Soc, Chem, I901, 20 , 322. ^ 

“ Ihd., 190I, 20, 390. , Chem. AW^f^oI, 83, 280. 

>' Wot. C™/r., 1902, I I.fglo. / i'oe. Qot. Aat, 1901, 20, 281. 
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adds a small quantity of cuprous chloride to rciuce the arsenic 
to the arscnioifi condUiJin, immerses i sq. cm. of cc^per foil^in the 
solution and boils for malf an •hour, addirfc water from time to time 
to replace that lost by evaporation. If thfecbppcr becomes darkened, 
it is dried on the water-bath, cut into Strips, and examined for arsenic 
by heating one of the strips in a narrow test-tube, and observing 
whether a sublimate of the chafhcteristic octahedra or tetrahedra of 
arsenious’oxidc is formed. Targer crystals are bbtained by previously 
warming the uppeh portion of flic subliming-tube, and the appearance * 
of the crystals may be made more* distinst by fiAing the tube with 
water. A similar procedure, together with a minute description of the 
various details involved, in carrying out the J^t, has been published 
bjT a committee appointed* by the Ilrewers’ Central Association, 
,^Ianche.?ter; ‘ the addition of an o.xidising agent to destroy the 
sulpItlTfr and of a reducing agent to convert arsenate to arsenite, is 
omitted. • ' 


C. Gut.ieit’s Test., 

• • 

This test is based on the action of arseniuretted hydrogen on solid 
silver nitrate or merturic chl*j;‘idc, prepared by allowing a drop of a 
solution to dry on filter paper, or preferably, according to Eidenbenz, 
by dissolving a small crystal in situ on the paper, and drying. Silver 
nitrate is first turned yellow, owing to the formation of a compound 
of silver nitrate with silver arsenide, and subsequently black, owing to 
separation of metallic silver ; mercuric chloride is turned yellow owing 
to the formation of a mercurous salt having the composition As(I■IgCl),^. 
The test is usually performed by placing a small piece of granulated 
brsenic-free zinc in a test-tube, adding the material to be tc.sted, 
and then, unless the material it.self is acid, a small quantity of dilute 
sulphuric acid..’ h plug of cotton wool i.s placed in the upper part 
of tlTe tube aijd the tube crfpped with the previously prepared piece 
of filter paper. Sulplturettcd hydrogen, pho.sphorettcd hydrogen, ^nd 
antimoniuretted hydrog’sn interfere with the reaction. The test is, 
however, frequently employed in the examination_pf commercial acids 
and of other substances ;* its applications and reliability have been 
specially .studied by Flukiger," RicharSsori,^ Gotthelf,^ Dunstan and 
Robinson,'’ and Goode and Perkin.'’ • • , 

Kirkby’s modfficatiod^ of the Gutzett test, wwleliws frequently^ 
employed, is based on the observation that hydrogen sulphide may 
be complttcly removed from the cvdlved gases by, means^of a 5 per 


Soc. Cliim. Ind.^ 1901, 20 , 64G. 
■>J.Soc. huL^ 1902, 21, 901. 
® y / f / J ., 1904^.^, 999. 
yytt/., 1901,20,281. 
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cent., .solution oft. lead acetate, without any loss of arsenic. The 

apparatus used^for carrying out the test is shown in'Fig. 196. The 
hydrogen is evolved in thejlask a, andds purined by passing through 

five bulbs, the three lower being 
half filled with 5 per cent, lead 
acetate solution. The purified gas 
(lasses into a small funnel, d, 
which) is capped with tlA; spotted 
aifd dried filtef paper. 

Tyrer* washes the gas with 
a 10 per cent, solution of lead 
acetate ii^ a two-bulb apparatus 
of dificrcnt type to the above. 'A 
simple form of apparafu.s, but' 
perhaps not so reliable, hao oee'n' 
duscribed by Dowzard.^ 

F. W. Richardson" recoin. 
Mends.the Gutzeit test, owing to 
its simplicity as compared with the, Marsh test, and the possibility 
of carrying it out without special precautions. , 

Hehncr* objects to this test on the ground that it is impossible 
to be certain that the stain obtained has been caused by ar.senic, 
since hydrogen phosphide, etc.,'will also produce similar stains; apart 
from this, he considers the test very satisfactory and delicate. The 
method of testing proposed by Bird'' overcomes Hehner’s objection. 
The stain is treated with boiling hydrochloric acid, whereby a stain 
produced by phosjihorctted hydrogen changc.s to lemon-ycllgw', one 
due to sulphuretted hydrogen disappears, one due to.antimoniuretted 
hydrogen changes to pale grey, whilst that produced by arseniuretted 
hydrogen changes to brick-red, and may even be recogni.sed when 
all the gases meiltioned are prc.sent together in the test. The apscnic 
stain vanishe.s on treatment with bromine-hydtochloric acid, and the 
arsenic may be detected in the' resulting solution by means of the 
brownish-red coloration produced on addition of stannous chloride. 

The applicationlof Gutzeit’s test to tha quantitative estimation of 
arsenic has been very fully ir.vestigated by Sanger and Black.” In 
their apparatus the arsenical hydrogen is passed along the surface of 
the strip of not perpendicularly against it. .Strips of drawing 

' paper of close texture, 4 mm. wide, are drawn through 5 per cent, 
mercuric cjiloride solution till thoroughly soaked, then driefi and cut 

^ y. Soi. Chem. Ind.^ 190I, 20 , 281. - //W., 1900, 19, 1145. 

^ 1902, 21, gof r/. Gotthclf, d>id,^ 1903, 22, 191. ' 

* Ihid.^ igqt, 20, 194. ^ /W., 1901, 24,4390- 

« 1907, 26, 1115. , 4 ' 
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d^;tection of arsenic 

into 7 cm. lengths, and kept in the dark in a bottle containing calcium 
chloride coVertd by cotton wool. The generator is a dlass bott]e about 
30 c.c. in capacity, wifh a rubber cork capying a short thistle funnel, 
the outlet of which is constricted to about i mm., and a short delivery 
tube which connects by a cork with a bulb about 12 mm. in diameter 
carried at the end of a tube about 12 cm. long and 4 mm. clear bore. 
The, bulb is packed with cotton wool which has been kept over 
^Iphuric acid, and the tu)pc contains, next the bulb, a small roll of 
lead acetate paper, then the strip of sensitised drawing paper.“ Three’ 
g. of uniformly granulated zinc is place^l in the bottle, and 15 c.c. 
of hydrochloric acid (about 1-5 N) added by the funnel 'After ten 
miiiTHes a uniform staj:e is reached, and the^bsence of arsenic from 
the reagents is established.' A known amount of the solution to be 
' tested Is now introduced, and the' reaction proceeds; after thirty 
'TrTTlTKvw all the arsenic is evolved and the colour on the strip has 
reached its maximum. The band of -rolour is then compared with 
.standards made in the same way from solutions containirig known 
"^mbunts (3, 5, 10, etc., micr;omg.)-of arsenious oxide. These standards, 
if kept in scaled tubes over pHosphorus pentoxide, remain constant 
for several months, ^but mu.st be renewetl from time to time. If the 
strips be treated for two mifiuEes at (not above) 60° C. with C N hydro¬ 
chloric acid, thoroughly washed and dried, the colours arc intensified 
and rendered a little more enduring; or, if they be treated with cold 
Nji ammonia solution for a few minutes, they develop a black colour 
of greater length than the original stain, and arc greatly increased in 
endurance, though the dried standards must still be sealed in tubes 
over quicklime. Antimony compounds should be removed before 
.testing; sulphides are dealt with by the lead acetate paper, and 
phosphorus compounds do not interfere unless present in very large 
amount. Arsenates should be reduced by sulphurous acid, and the 
e.xcuss of sulphur dioxide Iv removed by boiling. • The method has 
a working limiT; of accyracy of about 1 micromg. (o 001 mg.) of arsenious 
oxide, though with .^aru jV of ilmount may be detected; and its 
quantitative results may .be looked on as within about 5 per cent, 
of the truth, provided nortjial care be taken to pitserve all conditions 
uniform throughout a .scries of expejimpts. (The original paper 
is illustrated by coloured reproductions of the stains on the 

"“■'I’"-) • • * * * , 

C. Hollins' applies the Gutzeit test to the estimation of arsenic' 
in de-arsynicated vitriol. He u.ses t],ic apparatus shown in Tig. 197, 
in which the bottle is of 100 c.c. capacity, the bulbs about 2 cm. in 
diamftcA, and the tube a^out 10 cm, long' and 3-4 mm. in bore. The 
tyjlbs C and D contain a little 10 per cent. lea‘d acetate solution, and 
^ J. Soc. Chem, Ind., 
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E is .packed with( glass wool wetted with the same solution. He 
soaks c^i^awing lor half an hour in a t per cent, solution of 

mercuric chloride, dries it aifd cuts intOi.strips. -In making standards 
ttic total volume of arsenic solution and water in the bottle is always 
40 C.C., and there are then added 2 c.c. of pure sulphuric acid and 3-4 g. 

of zinc. In testing de-arseni- 
cated vitriol, 40 c.c. of w,ater 
is used, 0-5 to 2-0 c.c. of the 
vitriol, pure .sulphuric acid to 
make up a total of 2-0 c.c., and 
3-4 g. of zinc. The further 
procedure is identieal witirthat 
of ganger and Black. 

D. Bettendorfs Test. 

A few drops of the solution 
to be tested are added to 
of concentrated hydrochloric 
acid, and h c.c. of a solution of 
stannous ciiloridc dissolved in 
an equal weight of strong 
hydrochloric acid added to the 
mi.xture. If arsenic be present 
the solution quickly turns brown, 
and a dark precipitate of metallic arsenic gradually separates out. The 
change occurs more readily on warming the solution. The reaction 
does not take place with aqueous solutions of arsenious acid, but only 
with the arsenious chloride which is formed from it in the prc.sence of 
strong hydrochloric acid. Hydrogen phosphide and antimoniuretted 
hydrogen are not reduced by stannous chloride, and consequently do not 
interfere with the test. ' 

According to Messcl,i o-oi As./),) in i c.c.^ sulphuric acid may 
be detected by this method. ^ 

The “tin foil test.” which consists in the addition of strong hydro- 
chloric*'aefd to vitriol, then tin foil, and warming the solution, is 
practically identical with th6 Bettendorf test. 

Other tests have been proposed by Donath- and by Seybel and 
.Wikander.® »' • ** 

■ /. Soc. C/iem. M., iqoi, 20, l<j 2 . A m«/. CTfm., 1897, 3^1664. 

'' ' “ Ciiii :. igo2, 26 50. 
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i 

Quantitative Decermination oe SuLiTiuRicy Acid a^d 

t OF ifs Impurities. • 

• ' 

Free Sulphuric acid is determined almo.st exclusively by titration 
with a standard solution of sodium hydrpxide; the gra.viijictric deter¬ 
mination by precipitation a.s barium sulphate ie much less exact, and 
iljfludes, moreover, any combinei^ sulphilric acid which may be present. 
On the other hand, the vojftmcttric method includes, as sulphuoc acid, 
other acids presenl in the free state, but in commercial sulphuric acid 
the quantity of such other acids Inay be neglected. The process 
desi^^bed on p. 497 mflst be employed fof nitrating ajid sptnt^icid.s. 

For the volumetric (Ictermination, 2 Jo 3 f^v-jf the acid is weighed off 
in a bulb pipette (Fig. 201); pipetting concentrated sulphuric acid is 
precluded by reason of its viscosity. The outside of the pipette is 
careluTiy cleaned, the acid then ajlowed to flow into a relatively large 
volume of water, and the pipette? re-weighed without washing out. The 
«ipctte need not be cleaned ind dried for further determinations; it 
suffices to wash it (^ut several tiinps with the Tresh acid to be tested. 

Working with the quantity of acid given above, it is best to 
titrate with normal snidium h)id,roxide solution. The most satisfactory 
indicator is methyl orange, used sparingly {cf. p. 39), at the ordinary 
temperature and# not in a warm solution. The amount of nitrous acid 
present in commercial vitriol does not interfere with the titration, but 
when larger quantities arc present excess of standard alkali mu.st be 
added and the liquid titrated back with standard acid. 

Sulphurous acid, if present in appreciable quantity, is best 
determined by means of iodine (p. 401), Should nitrogen acids be 
•present, sulphurou.s acid can only exist in traces, and cannot in such 
ca.se.s be determined quantitatively. . 

Nitrous acifl (Nitrosyl-sulphuric acid), if present to any considerable 
exteTit, is dctet;mincd by potifSsium permanganate (p. 412). Such small 
amounts as cannot ‘be determined with certainty either by per¬ 
manganate or by the ji'itrometer, may" be estimated coloriraetrically. 
Of the various methods p'roposed for this purpose, that in which the 
modified Griess reagent ^a-naphthylaminc and sulphanilic a«id) is 
used, is the best.' * • 

Lunge and Lwoff- found that a lar^ excess of this reagent is neces¬ 
sary in order to obtain teliable colorimetric resul*c,«and that in the 
absence of such excess the intensity of the coloration increases much 
less rapitfly than the percentage of nitrous acid preserit. UiWer suitable 
conditions and with at least one hundred times the quantity of reagent 

* Ilosvay, BuHTSoi'. Cluni.i 18^4, ll, 216. • ^ 

ai!(>nv. Chern.^ 7i 34-8 ; ihc whole of tlie literature relating to .the sul'jcci is given 
in this paper. 
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theoretically necessary, the intensity of the coloration corresponds to 
the percentage ■'if nitrous acid. By observing •'he details given below 
for the preparation of fresh'reagent, the addition of l c.c. suffices in 
all cases to which the cblofimetric method is applicable—that is, to 
dilute solutions. 

As is well known, the red coloration produced by the action of very 
minute traces of nitrous acid only appears after some time, and in¬ 
creases in intensity for'Sevcral hours. Thin might appear to be a draw¬ 
back in the application of the test for cblorimetric deferminations, but it 
is not really so, for if all conditions, more particularly the time allowed 
for react^.on,'are eoual, the colour intensity and percentage of nitrous acid 
remain comparable. If it be desired, therefore to compare a solution of 
unknown strength with a known standard solution, it is only necessary 
to treat both with the reagent at the same time ; the comparison may 
then be made either at the end of five minute.s, or of half an nbur, or 
after twenty-four hours, and always with the same result; for though the 
absolute colour intensity continually increases, the relative values remain^ 
the same. 

< 

In the case of aqueous solutions the comparison may usually be 
made immediately, or at all events in ? quarter of an hour, after the 
addition of the reagent. The presence of free mineral acid oven in 
traces retards the reaction and renders the coloration less intense; a 
large amount entirely stops the reaction. This is due to the fact that 
the coupling of diazonium compounds is more or less inhibited by 
the presence of mineral acids. This difficulty is readily and com¬ 
pletely overcome by adding sodium acetate in sufficient quantity to 
take up the whole of the mineral acid. The sodium acetate employed 
must, of course, give no coloration with the reagent. A “normal 
solution ’’ for purposes of comparison must be prepared for the test. 
Dilute aqueous solutions of sodium nitrite are not suitable, owing to 
their instability. The nitrous acid is therefore employed in the form 
of the perfectly stable nitrosyl-sulphuric acid, and the “normal solution” 
is prepared by dissolving 00493 g- -sodium nitrite (= 10 mg. N) 
in 100 c.c. of water and adding 10 c.c. of the solution to 90 c.c. of pure 
sulphuric acid ; the solution thus contains i,'ioo mg. of nitrite nitrogen 
per c.c. , 

In carrying out the test, l c.c. of the “reagent” diluted with about 
40 c.c. of water ,is placed in each of two colcrimete’’ cylinders; to the 
one is added 5 g. of solid sodium acetate and l c.c. of the “normal 
solution,” to the other, 5 g, sodium acetate and i c.c. of the tcid to be 
tested, and the whole well mixed so that the nitrous acid may react 
with the reagent at the moment of liberation. The color.itions 
produced may be compared when desired; as a.rule, five minutes’ 
standing will prove sufpe'ent. It is unnecessary and disadvantageous 
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to warm the solutions, which are best mixed Uy means of glass> 
tubes blown t5elow iijto a bulb corresponding to th^ inside <!iamcter 
of the cylinders, as'in the‘Nesslar te^t for ammonia; by moving 
these stirrers up and down three or four times efficient mixing Is 
secured. • • « ■ 

The “reagent” is prepared by dissolving o ioo g. pure white 
f^-naphthylamine in lOO c.c. of water by boiling for one-quarter hour, 
adding to this solution 5 .Ac. bf glacial acetic acid, or the ergiivalent, 
quantity of wealier acetic acfd, followed by a ^solution of 1 g. of 
sulphanilic acid in too c.c. of watdr. Thfc mixture must be kept in 
weli-jtoppered bottlc.sT The solution readily discolours, but a»faint rose 
coloration may be distegarded since it dis:i,ppears when i c.c, of the 
reagent is diluted to the 50 c.c. used in the test; any stronger coloration 
niay be removed by reducing the solution with zinc dust. One c.c. of 
the reagent will, after ten minutes, indicate distinctly the pre.sence of 
i/iooo mg. nitrite nitrogen in 100 c.c. of water. 

Nitric acid.—According fo Lunge and Lwoff, the brucine reaction 
may be empIoycd,for the colorimetric cstiination of nitric acid alone, 
if the comparisons be made not-with the initial red coloration but 
with the sulphur-ylllow cqUjyr, which a^jpears later. The solutions 
required are:—(l) a brucine solution prepared by dissolving 0-2 g. 
brucine in too c.c. of pure concentrated sulphuric acid; and (2) a 
normal solution of potassium nitrate containing mg. nitric nitrogen 
per C.C., prepared by dissolving 00722 g. of the pure salt in too c.c. 
of distilled water and making 10 c.c, of this stock solution up to too c.c. 
with pure concentrated sulphuric acid. These solutions are best ke[)t 
in wcH-stoppered burettes fitted with glass taps; that intended for 
•the “normal” solution should be graduated in c.c. 

The sulphuric acid to be tested may be.used directly, provided 
it is .of not less than 17 sp. gr.; weaker solutions^or acids must be 
mixtd, in measured ratio, wiTh pure concentrated sulphuric acid until 
the above strength i# apjiroxiinatcl^ attained (</ p. 432); thus \\ytter 
alone will require tht arjdition of three times its volume of concentrated 
acid. * , 

Narrow 50 c.c. graduated cylinders of pure white glass are eni-idoyed 
in comparing the colours; the graduateef pottiun should be about 24 cm. 
in length, and the cylinder should extcaid a further 10 cm. beyond the 
last graduation mark, to ^low for mixing. ‘The ilclwe»cyiindcrs, which, 
arc furnished with side taps at a height of about 5 cm, from the bottom, 
are very Convenient. An actual coltAumeter will, <jf course, give the 
rnost accurate results (</. p. 181). 

The test i»made as fo 41 ows:—i c.L. of the no/mal solution and 1 c.c. 
oJ-brucine solution are placed in one of the cylinders, and pure coji- 
centrated sulphuric acid added up to the 5?> k.c. mark ; the mixture is 
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, then transferred td^a flask and heated to 70° to 80°. When the colour 
has char-ged to sMphur yellow the solution is cooled aiid returned to 
the cylinder. Tne solutiontto he tested is treiated similarly, either 
alone or after admixture with more concentrated sulphuric acid, as 
ascertained by a preliminarv test. Part of the solution is then 
poured away, or run off through the side tap, from one or other 
of the cylinders until the depth of colour is the same in each; 
the rc-s'ilt is "then obtained in the ut;ual way by calculation from 
the measure of normal solution requited per given volume of the 
unknown .solution. 

Selenbus'acid,' r,ccording td Lunge,^ has no effect on brucine. 

In the presence of apprccialde quantities of 'Von sall.s such as may 
occur, for example, in certain make.s of concentrated sulphuric acid, the 
brucine test is less delicate, and the colour changes produced arc jiot 
identical even when equal quantities of nitric acid are present. 

Lead.—Concentrated acid's are diluted with an equal volume of 
water and'twice the voluntc of alcohol, add allowed to stand for soine_. 
time. The precipitated lead sulphate is filtered off, washed with 
dilute alcohol, dried, and ignited. The precipitate should be separated 
from the filter paper as conipletely as po':.sible; the paper must not be 
burnt off in a platinum crucible, i g. l'bSO,i=o'6832 g. I’b. 

Iron. —If the quaniity present is not too small, titration with per¬ 
manganate may be employed after first reducing the iron to the ferrous 
state. This reduction may be carried out in many ways, "fhe most 
usual method is by means of chemically pure zinc, which should 
always be tested for freedom from iron, the reduction being hastened 
by warming, and carried out in a flask fitted with a Bunsen valve,‘Or still 
better with a Contat bulb (Fig. 20, p, 63), or, according 'to Winkler, by 
wrapping a zinc rod w’th platinum wire. The reduction is complete 
when a drop of the solution, withdrawn by the aid of a capillary tube, 
produces no red coloration with potassiuih thiocyanate. The solution 
i.s allowed to cool, poured through a funnel provided with a platinum 
cone or nearly closed by a 'glass stopper (no^'rhrOugh filter paper), to 
keep back the zinc, the flask and undiSsolved zinc washed with 
thoroughly boiled, air-free water, and the solution titrated. .Should the 
zinc contain iron, a blank experiment must be made on at least 3 g. of 
the zinc, a weighed quantity of this taken for the reduction, and the 
^operation continued until alFthe zinc has been'dissolved. 

SkrabaP employs about one hundred parts of zinc for each part 
of iron present, from which it will be seen that the smallest trace of 
iron in the zinc may lead to very appreciable error. Any titanic acid 
present will also be u’duced by the zinc, and must consequently be 
taken into account. ' ’s 

> Brr., 1887, 20, 2031. ^ ' 


- Z. aniiL Ckttn., 1903, 42, 359- 
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Ebeling' proposes to add a little thiocyanate M) the iron solution, 
itself in order\o ascertain when reduction is complete Ahe hcati<ig being 
continued until the'red cotoratioij ha‘: disappeared. Volhard” has 
shown that this is unsuitable, partly because the thiocyanate ‘is 
destroyed in the process, and partly* bfjcausc traces qf iron require a 
comparatively large excess of thiocyanate for .their detection. Other 
giertiods of reduction possess no advantages over the use of zinc for 
this purpose. ‘ , 

In the foregoing and analcigous cases it is advisable to use Nj20 
pota.ssium permanganate solution, [irepariKl by diluting the seminormal 
soli'tjon (p. 59); i dc. will correspond to 0 002792 g.'h'c< Further, 
a considerable quantity of the acid, say 50 c.c., should be employed 
for the test, since as a rule the ^quantity of iron present is very 


srnall. 

Fo?“very small amounts of iton the colorimetric ferric thiocyanate 
method may be employed. It is scarcely possible to obtain nitric acid 
abjolutcly free from iron for'oxidising the iron in the solution to be 
tested to the feyic state, but, this difficulty may be overcome by 
employing as pure an acid a'j possible, working only with small 
quantities, and mailing a bjtnik test for comparison. The best results 
are obtained under the following conditions worked out by Lunge." 

Glass-stoppored 25 c.c. cylinders of perfectly colourless glass, gradu¬ 
ated in i’,i c.c. divisions, are employed in the test. The total height of 
each cylinder is 17 cm. and the internal diameter 13 mm.; to facilitate 
mixing, the graduated portion docs not reach beyond a point 5 cm. below 
the stopjicr. The cylinders should be as similar in size as possible, .so 
that eciual volumes reach to the same height in each. At least three 
cylinders arc rtiquired ; it is preferable to have four or six. The neces¬ 
sary reagents arc: (i) a 10 per cent, solution qf potassium thiocyanate ; 
(2) pure ether*; (3) a solution of ammonium iron alum prepared by dis¬ 
solving S-C34,g. iron alum ih a litre of water, and diluting i c.c. of this 
solution to too c.c.; fhe solution wiU thus contain 0 010 g. Fe per.litre. 
This dilute solutiofi .‘^‘un decomposes, especially in the light, and can 
only be kept for a few days even in a dark place. The stronger solution, 
containing the 8-634 g- 't®'! alum per litre, may be kept for-a consider¬ 
able time if protected from air and tight, and if, in preparing the 
solution, 5 c.c. of pure concentrated, sulphuric* acid added before 
filling to the litre mark. * The quantity of %ulphurio*aciii tims introduced 
into the test scarcely amounts to i mg., and is therefore negligible ; 
(4) purctiitric acid as above. • , • 

Fifty c.c. of the diluted sulphuric acid is taken for the test and first 
oxidised by »warming with exactly *1 c.c. of nitric acid. At the same 

^ • * * 

* Z. ange$. C/iem,, IQOI, I4, 571. ^ ^ //;/(/., IQ0*I, 14, 609. • 

, 1896, 9, 3. * • 
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time a second i of nitric acid (4) is diluted to 50 c.c. with distilled 
water. Should life experiment indicate later Lhjt the sulphuric acid 
solution .should be still further diluted, the nitric acid solution must 
also be diluted to the same extent, so that in both cases the amount 
of iron introduced with the nitric acid will be the same. Any nitric 
acid which produces iijore than a very faint reddish tinge with the 
thiocyanate solution must be rejected. ’ • 

Exactly 5 c.c. of the prepared solntiun ^f the sulphuric acid to be 
tested is then placed in one of the stoppered cylinders (A), and 5 c.c. 
of the diluted nitric acid in a second cylinder (B). To the latter a 
suitable qyantity, s.7y i c.c. of the iron alum solution, is then added from 
a burette, and to A an equal volume of water, so that the solutions in 
the two cylinders are brought to the same dilution. Five c.c. of the 
thiocyanate solution are next added to each solution. Both mixtures 
will redden, but the coloration is frequently of a somewlvA dirty 
yellowish red, and its intensity Dears no iclationship to the iron content 
of the soltition. Finally, 10 c.c. of ether is added to each cylinder, 
and the contents thoroughly agitated. The aqueous solution contains a 
double thiocyanate of potassium and. iron. This double salt is split 
up on shaking with ether, which dissolves only ore preferably the iron 
thiocyanate, as is evidenced by the rose-red coloration of the ethereal 
solution as compared with the yellowish red of the aqueous solution. 
Shaking must be continued until the aqueous layer becomes colourlcs.s. 
The ethereal solution gradually darkens in colour, presumably owing 
to a further splitting up of the double thiocyanate; the solutions 
should therefore be prepared in rapid sequence, and preferably only 
compared after standing for several hours. 

Differences of considerable magnitude are detected immediately, so 
that it only becomes necessary to employ, in addition to the cylinder A, 
containing the sulphuric acid .solution, two other cylinders, B and C, to 
which have been added the approximately correct quantities of iron 
alum solution ; the final comparison, however, is(-as stated, not made 
for some hours. The solutions snould not be allowed to stand too long, 
for instance, over night, for it sometimes -happens that after long 
standiivf the ether becomes nearly, or even perfectly, colourless, only a 
strongly coloured narrow zone o'f liquid remaining at tlic dividing line 
between the ether and .the water. This only occurs occasionally, and is 
to be attributed tfi traces of impurities presentdn such extremely small 
quantities that they cannot be identified. 

The degree of accuracy of the method may readily be brought to 
±0-1 c.c. iron alum solution, that is, to ±0000001 g. Fe, on the 5 c.c. of 
solution taken, providea the volume of alum solution used does not 
exceed z c.c., equivalent to O'Ooooe g. Fe. That is,J.he reading may 
be made to 1/20 of the tofa’ iron present; this may be looked upon as 
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satisfactory, where only thousandths or hundredths a percent, come^ 
into account. • It is ncJt, however, sufficient for aporeciably^grcater 
amounts, and for suchHhe volumctric^mctl.od must befemp'loyed. 

The above degree of accuracy may be attained without difficulty by 
merely examining the ethereal layer by transmitted light. The com¬ 
parison may be made more accurate by looking through the ethereal 
laye» obliquely from above, or b)? holdirfg the cylinders a little above a 
white silrfacc, and looking* through the full clepth of’liquid^ in the 
cylinder. This plhn is much btftter than allowing the cylinders to stand 
on the white surface. Colorimeters, as ordinarily constructed, are not 
suited for this particiriar determination,*no provision! bcnig jnadc for 
shaking, preventing loss of ether, ctc.^ but one specially suitable for 
this purpose has been described by Stokes and Cain.' Seyda- has 
described a method differing but little from the above, and intended for 
use in'd* examination of water. 

Hydrochloric acid.—Ten c.*c. of the ticid is boiled in a small fla.sk 
and the vapours evolved conducted to the surface of water con¬ 
tained in a secoiK^ flask. The hydrochlorit acid is dissolved by the 
water, and may bo determined ly titration with alkali or with 
silver nitrate solutioij. , • 

Arsenic.—About 20 g."of the acid is diluted with water, the 
solution filtered .from any precipitated load sulphate, and then treated 
with a current of sulphurous anhydride until the solution smells 
strongly of the gas, to reduce all arsenic compounds to the arsenious 
condition. Prolonged action and a considerable excess of sulphur 
dioxide are necessary for the reduction. The excess of sulphur dioxide 
is removed by heating, aided by a curient of carbon dioxide, the 
.solution exactly neutralised by addition of sodium carbonate and 
bicarbonate, and titrated with A^io iodine and starch solution till the 
colour change "to blue occurs. One c.c. of the iodine solution corre- 
sjioisds to 0 00495 K- As,^ 0 ,j.* Iron must first be removed should it be 
present in appreciabla quantity. 

The presence of-lejf^l, antimony,*cflppcr, platinum, etc., somewhat 
complicates the dctcrmina'tion.'* 

According to IJockmann, the reduced solution,Treed from exye-ss of 
sulphur dioxide as above, is treated fcfr S4)me hours at a moderate 
temperature with a current of suli)hureljted hydrogen, which precipitates 
the arsenic and other rr>etal.s which yielck sulphides itisojuble in acid 
solution. The precipitate is filtered off and well washed, at first with* 
water rerf*lercd slightly acid with hydrochloric acid^and then with hot 
water until the washings leave no residue when evaporated on platinum 
foil. «The precipitate, which contains arsenic sulphide and antimony 

• • 

* J. Atrtfr, (SMtfii. SoL,^ 1909, 29, 409. “ Chew. Zeit., i8g*, 22, 1086. • 
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sulphide, is dried and weighed. It is then moistened with cold water 
and, wfcen thorctighly damped, extracted witli dilute a'mmonia. The 
residue remaining on the filter, consisting of Sulphur and antimony 
sulphide, is washed with hot water, dried, and weighed as above, The 
difference between the two weights gives the content of arsenic sulphide 
sufficiently accurately for technical purposes. 

Hattensaur* uses a modification ol the same method. Very minute 
quantifies .cf'arsenic are estimated approximately by the Marsh- 
Berzelius or the Gutzeit test {cf. p. 433 i’t st'q). 


Fuming Sui.rrruRic Acid (Aniiydpidk, Olkum) 

Fuming sulphuric acid is generally regarded as a solution of sulphur 
trioxidc (sulphuric anhydride, SO^) in sulphuric acid moiYdrycITaTe 
(HgSOJ. As a matter of fact, the chie-f constituent is generally pyro- 
sulphuric‘acid (H.2S2O7), and the so-called 45 per cent, oleum consists^ 
entirely of this. The other varicties'’below 45 per cent, are mixtures 
of pyrosulphuric acid with monohydrate, and those above 45 per cent, 
mixtures of pyrosulphuric ac'd with anhydride. T|ic strength is always 
given as percentage of anhydride, no account being taken of the presence 
of pyrosulphuric acid. The latter is looked upon, from the analytical 
standpoint, as a mixture of fifty-five parts H„SO,i with forty-five parts 
SO,. 

Properties of fuming sulphuric acid. Pyrosulphuric acid, H,SjOj, 
and those acids near to it in composition, that is acids from slightly 
below 40 per cent, up to nearly Oo percent. SO,, are solid ; those ranging 
from 0 to nearly 40 per cent., and from 60 per cent. ,to 70 per cent. 
SO, arc oily liquids. From 70 per cent, upwards the oleum is once 
more solid, until it finally passes to pure anhydride. 


Melting Points of Oleum. Knretsch.® 


For emit. 
SO... 

MflliiiK Pol"',. 

Per et*iit, 
SOj. 

MelUnt,' I'oiiit. 

Pit f'l-iit. 

SO 1. 

MelLiiif; I’uint. 

0 

f 10 

35 

-1 ‘ 26-0 

70 

H 9-0 

5 

+ 3-5 ■ 

40 

-1 33-8 

75 

-I- 17-2 

10 

4 ‘P- 

U 

+ 34-8 

80 

I-20-0 

15 

11'‘2 

50 

+ 28*5 

85 

1 33-0 (27-0)' 

20 

-11-0 

55 

•M 8-4 

90 

1 34-0 (27 7) 

25 

- 00 

60 

+ 0-7 

95 

+ ,rj'0 (26'0) 

30 

+ 15’2 

65 

-I- "-S 

100 

+ 40 0 (17'7) 


* Z. of'getv, Chem.i 1896,130. , 

■ Ber,-, 1901, 34I 4100. The figures^in brackets are the melting'points of the fresh non- 
polymerised acids. 
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Boiling Points of Oleum. Knietsuh.^ 

• • 
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^ SO.I, Free, • 
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1 
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12-84 

92 

759 

• 93'‘21 

G3-2fi 

GO 

'f5a_ 

99-5 

97-3 , 

43 

759 • 

- 


• 



. , Specific Gravity of Fuming Sulphuric Acid at'35°<C- 
, ^ Knietsclj-^ , 


Total SO; 

SI). 
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Kreo SO, 
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• -pi'i; r^filit. 

JUT oi'llt 

Ciravity. 
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‘2 
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54 
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04 
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IG 
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G8 
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22 
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71 
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70 
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20 
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78 
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28 
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9G-32 

80 

1-9251 
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30 
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82 
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32 
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84 
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34 
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8C 
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!>7-78 

S8 
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38 
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90 

1-8888 
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10 
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92 
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.89-33 

• 4-2 
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94 
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, 89-70 

11 

V9(513 

99 ”26 
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1-8605 
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98 
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48 • 

1 9702 

100-00 
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90-81 
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• 
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• • ,,, 




This tabic may be uscfl in calculating the quantity of couciinlrated 
sulphuric acid to be added to an oleunt to«obtain an oil of any desired 
lower strength in free SO... Gerstcr.* gives thu followjng formula for 

this purpose:— • • • 

h-a 

A- 100 -- 

^a-c 

.where x represents the quantity of sulphuric acid to be added to 
lOO^arts of the oleum, r? the total SD3 per ioo’4)arts of the acid desired, 
^ ' . 5 *-., 1901, 34,4110. ^ '■* y/m/., 4101! 
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Table of Density and Composition of 
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09*61 

47-00 

37-60 

31-89 

35 

^-33 

lT-07 

i-8707 

38 

8 

02 

16-898 

83-102 

101 -800 

68'S6 

16 -55 

37-20 

34*51 

40 

26-67 

13-33 

1-8745 

37 

9 

91 

16-711 

83-286 

102-0-25 

08-11 

46-01 

36-80 

31-13 

45 

30-00 

15-00 

jl -8782 

37 

10 

90 

16-531 

83-46^) 

102-250 

67-Cil 

15 -.51 

30-15 

33-76 

50 

33*35 

16-07 

1-881!) 

37 

n 

89 

10-317 

83-653 

102-475 

60-Ol 

15-03 

36*05 

33-39 

55 

36*67 

18*33 

1-885G 

36 

12 

83 

]6-i6;i 

83-837 

,10-2*700 

65-86 

4.;-53 

35 *65 

33-01 

60 

40-on 

20*00 

1-8892 

36 

13 

87 

15-980 

81 -020 

102-925 

65-11 

11 02 

35*21 

32*6! 

65 

43*33 

21-67 

1 -8928 

05 

14 

86 

15-796 

8 1 -201 

103-150 

(U-36 

13-52 

31*83 

32*26 

70 

46-67 

23-33 

1-8003 

35 

15 

85 

15-012 

81-388 

103-375 

63-62 

13-01 

31--13 

31 -Ml 

75 

50-00 

•25-00 

1-8993 

35 

16 

81 

15-129 

81-571 

103-600 

62-87 

42-50 

31-02 

31-51 

80 

53-33 

26*67 

1-9033 

31 

17 

83 

15-245 

81-755 

103-8-25 

62-12 

42-00 

33*62 

31*14 

85 

5i5-67 

28-33 

1-9067 

31 

18 

82 

15-061 

81 -939 

101-050 

61-37 

41-49 

33*21 

30-70 

90 

60-00 

80-00 

1-9101 

33 

19 

81 

14-878 

85-1-22 

101-275 

60-63 

40*99 

32*81 

30-39 

95 

63-33 

31-67 

1-913-1 

33 

20 

80 

11-691 

85-306 

101-500 

59-88 

40-18 

32*40 

30-01 

100 

66-67 

33-33 

1-9167 


21 

79 

14-510 

85-4110 

101-725 

59-13 

39-97 

32*00 

29-64' 

98-75 

70-00 

35-00 

1-9200 

32 

22 

78 

11-3-27 

85-673 

101-950 

58-38 

39*17 

31*00 

29-26 

97-50 

7.8-38 

30-07 

1-9232 


23 

77 

11-113 

85-857 

105-175 

57-63 

38-96 

31-19 

28-89 

96-25 

76’67 

38*33 

1-9261 

31 

21 

7'’' 

13-959 

86-0-11 

105-400 

50-88 

38-15 

30-78 

28-51 

95-00 

80-00 

40-00 

1-9295 

51 

25 

75 

13-776 

86-221 

105-G2,' 

56-14 

37-95 

30-Js 

28-14 

93-75 

83-33 

41-67 

1-9326 

31 

26 

71 

13-592 ^ 

86-408 

105-850 

55-39 

37'H 

.9 97 

27-76 

92-50 

SO'67 

43-33 

1-9357 

30 

27 

73 

13-122^ 

86-592 

106 075 

5-1-63 

36-93 

29-57 

27-39 

91-25 

90-00 

45*00 

1-9387 

30 

23 

72 

13-221 

86-776 

106-300 

53-89 

36 ■ I 

29-16 

27-01 

90-00 

93-33 

46*67 

1-9117 

29 

29 

71 

13-041 j 

86-959' 

106-525 

53-11 

35-93 

23-76 

26 -61 

88 ■‘"5 

96-07 

48-33 

1-9446 

29 

30 

70 a 

12-857 ' 

87-143 

10G-''50 

52-39 

35-42 

28-35 

26*26 

87-50 

100*00 

50*00 

1-9476 

29 

31 

CO' 


87-327 

106-975 

51*64 

34-91 

'27 -91 

2j*88 

86*25 

98-57 

51*67 

1-9504 

28 

32 

68 

12-490 

87-510 

107-200 

50-90 

3-1*11 

27-54 

25-51 

85-00 

97-15 

53*33 

1-9532 

28 

33 

■ 07 

12-306 

87-091 

107-4-25 

50*15 

33-90 

27-14 

25-13 

83-75‘ 

95-71 

55-00 

1-9560 

27 

31 

66 

1-2-1-22 * 

87-878 

107-650 

49*10 

33-39 

26*73 

24-76 

82*50 

94*28 

50-67 

1-9587 

35 

0 1 

65 

11-939 

4 

88-061 

107-87^ 

48*65 

32-89 

26-33 

24*39 

81-25 

92’'rt0 

68-33 


' Momt, Scunt.f 1913 , 
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Fuming Sulpliuric Acid of 20° C. Gavelle.’ 

_ • _ • _ 


1 LiV’O contains in Kilograrnmea. 


Oleum 1 
70 per 

cent. 







• 

” 






Free 

KO.i. 


ir.jO. 

Total 

SOj, 

'I’otal 

lloSOi 

Aeiil of 
(;■) 3B 

Acul of 

cAt. 

■ 

Aeul ol 

Acid of 
OV If. 

Oleum 
20 per 
coiiU 

Olouni! 
80 per 
cent. 

• 

Oleum 
(iO per 
cent. 

(ifeum 
70 per 
(“ont. 

Ter 

Por 

Per 

For 

Per 

Per 

r«- 

Por , 

Per 

1-,T 

Per 

r™ 

Per 

Per 

cent. 

L%nt. 

cent. 

cent. 

riMit. 

cent. 

cent. 

Cent. 

Cent. 

cent. 

cent 

cent. 

cent. 

rent. 

0 • 

0-000 

.1-839 

0-3:58 

1-.501 

1-8J9 

1.-376 

0-931 

0-715 

e-690 

0-000. 

0*000 

0 -000 

O'OOO 


0-018 

1 -825 

0-33i 

1-508 

1-S17 

V3i)G 

0-923 

0-739 

0-635 

0-092 

0*061 

0*031 

o-o'A) 

2-86 

0-037 

1 -810 

0-332 

1-515 

1-856 

1 -355 

,0-916 

0*733 

0-G7« 

0-185 

0-123 

0*062 

0*053 

4-29 

0-056 

1-790 

0-330 

1 -5:^1 

1-861 

1-311 

0-909, 

0^27 

0-674 

0*278 

il-is," 

0*09:5 

0*079 

5-71 

ij-i^i 

1-781 

0-327 

1-528 

1-872 

1 -333 

0-901 

0-721 

0*668 

0-371 

0-2.lf 

0*121 

O-IOG 

7-14 

0-093 

1-760 

0-321 

1-53(1 

1-880 

1-322 

0-89? 

0-71*1 

0-663 

0-465 

0*310 

0*155 

0*133 

,8-57 

0-112 

1-751 

0*3'22 

1-541 

1*888 

i-;m 

0-886 

0*709 

0*657 

0-559 

0-873 

0*186 

0*160 


0-131. 

1-736 

0-319 

1-518 

1 *896 

1 -300 

0-879 

0*703 

0*651 

0*653 

0*436 

0*218 

0-187 

iri3 

0-150 

*■721 

0-310 

1-555 

1*901 

1-2'^ 

0-871, 

0*697 

0 GUI 

0-748 

0*499 

0*2! 9 

0-214 

Vi’Sli 

0*169 

1-706 

0-313 

1-562 

1*912 

1-277 

0-863 

0-691 

0*640 

0 814 

0*5(i2 

0*281 

0*241 

H-2'J 

0*188 

1 -690 

0-310 

L -568 

1*9*20 

1 -2*15 

0*855 

0-6^5 

0-ti31 

0-939 

0*6-26 

0*313 

0*268 

i5’n 

0-207 

1-075 

0-308' 

1-571 

1 *928 

1-251 

0-8-17 

0-678 

0*628 

1-035 

0-690 

0*315 

0-296 

17'11 

0-226 

1-659 

0-305 

1-581 

1*936 

l-2f2 

0*810 

0^-672 

0*6*22 

1 -131 

0-751 

0*377 

0-323 

18-57 

0-216 

1 *611 

0-302 

1*-5S7 

1-9 41* 

4-230 

0*832 

0-666 

0-(-.17 

1-228 

0-819 

0*109 

0-351 

20-00 

0-265 

1 -628 

0-299 

1*594 

1 *952 

1-218 

0*824 

0-659 

0 611 

1 -325 

0-S8;l 

0 M2 

0-370 

21-13 

0-2SI 

1-612 

O-Alli 

1 ‘600 

1 *960 

1 -206 

0*816 

0‘653 

0*605 

1-19-2 

0*918 

0-171 

0*106 

22-SO 

0-301 

1 -596 

0-293 

1 -007 

1 -9*18 

1*191 

0 S07 

0-G16 

0-598 

1-520 

1-013 

0-507 

0*131 

-21-29 

0-324 

1-580 

0-290 

1-613 

1 -970 

1*182 

0-799 

0-)5l0 

0-593 

1-618 

1-079 

0*539 

0-462 

25-71 

0-343 

1-563 

0-JS7 

1*620 

1 -981 

1-170 

0*791 

0*633 

0-587 

l-7I(i 

1*144 

0-572 

0-490 

■27-H 

0';i6:.i 

1-517 

0-281 

1 626 

1 -99-2 

1 ‘158 

0-783 

0-627 

0-580 

1 -815 

1 -210 

0*605 

0*518 

28-07 

0-3, 

1-531 

0-281 

1*632 

2*000 

1116 

0-775 

0-620 

0-571 

1*913 

1*276 

0*638 

0-517 

36-00 

0-103 

1 -514 

(1-278 

1*639 

-2-007 

1*13:! 

0-7(iii 

0-613 

0-:i6S 

1 -893 

1*312 

0*671 

0-575 

31-43 

0-4-22 

1 '498 

0-275 

1 *615 

2*015 

1*121 

0-758 

0-607 

/)’562 

1*872 

1*408 

0-701 

0*003 

32-86 

0-412 

1-181 

d-272 

1 -651 

2*023 

1 *108 

0-719 

0-600 

0-556 

1 -851 

M75 

0-707 

0*632 

31*29 

0-162 

1 --161 

^)-269 

1*657 

*2 *030 

1-096 

0-711 

0-593 

0-519 

1-830 

IT. 11 

0*771 

0*660 

35 *71 

0-182 

1-417 

0-266 

1-S(13 

2*038 

1*083 

(i-7:i2 

0-586 

0-513 

1-809 

1 ‘608 

0*804 

0*689 

37-H 

0-502 

1-430 

0-263 

V(ia). 

2*016 

1 *070 

0*721 

0-579 

0-536 

1-783 

1 *6 7 5 

0*837 

0*718 

38-57 

0-523 

1 --113 

0-260 

1 -676 

2''*053 

1-057 

0-715 

0-572 

0*5:50 

1 -766 

1-712 

0*871 

0-747 

40-00 

0-513 

1-396 

0-256 

1 -68:1 

-i’boi 

roi5 

0*706 

0 *565 

0*521 

1-715 

1-809 

0*905 

0-775 

41-13 

0-;'>ii3 

1-379 

0-2.')3 

1 -(>89 

2 068 

1*032 

0*698* 

0*.458 

i)*5l7 

1 -7-20 

1-877 

0*938 

0-804 

42-86 

0-583 

1-361 

0-250 

1 -695 

2*076 

1*019 

0*6i9 

0-551 

0*3(11 

1-70-4 

1-915 

0*972 

0-833 

44-29 

0-601 

1-314 

0-21> 

1*701 

‘2*083 

1*006 

0*630 

(T-51 1 

0-50-V 

1 ■6^0 

J -920 

1*006 

0-863 

45-71 

0-624 

1 -326 

0-214 

1*707 

2*091 

0-993 

0-071 

0-537 

0*198 

1-658 

1-895 

1 *040 

0-892 

17-14 

0-645 

*f-309 

0-240 

1-713 

2*098 

0-930 

0*mi2 

0-530 

0-192 

,1 -636 

11!69 

1-07-1 

0-921 

48-57 

0’665 

1 -291 

0-237 

1-719 

2*106 

0-966 

0*653 

0-523 

0-481 

1-614 

1-814 

1*108 

0-950 

50-00 

_ m 

o-isT 

' 1-273 

'0-234 

' m*- 

1-725 

*2-113 

0*953 

»-iiii 

0-516 

0.-178 

« 

1-591 

. — ^ 

1-819 

1*143 

• 

0-979 


3, Part I., 301. 
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b the total SO, per lOO parts of the original strong oleiiM, and c the 
SO, per TOO parts of the acid used for dilution. The values for a and b 
are taken from tie tabic; c is obtained by multiplying the percentage 
cf HjSOj present in the acid used for dilution by o-8i6. See also 
Prats.* 

Impurities. These may be the same as those present in ordinary 
sulphuric acid, but since fumiiig acid is now made exclusively by the 
contact nroress, they will only occur in inconsiderable quantity. The 
examination for these impurities is catiied out exactly as in the case 
of ordinary sulphuric acid (p, 429 ci seqi). 

Quantitative Arialysis of Fumirig Sulphuric Acid.- 

f> 

The sampling of oleum is a matter of some difficultyWith 
liquid oleum, or with the partially er completely crystalline products 
up to 45 per cent. SO,, which may be liquefied without danger by 
warming to 30° in closed vessels op the sand-bath, the difficulty is 
not very great. In works the soldered leaden'vessels containing 
the acid are usually stored in a warmed room, .so that the contents 
are always liquid. It is advisable toMcmove the stopper or other 
seal before warming, and to substitute a watch-glass; this docs not 
cause any appreciable loss of .SO, and checks the devclnpincnt of 
pressure, which might easily lead to an accident on removing the 
stopper. 

Products rich in SO, cannot be completely liquefied by warming. 
A jelly-like residue always remains, but as this possesses the same 
composition as the liquefied portion, the sample may be drawn from 
the latter. 

The portion for analysis is taken from these larger samples. 

Solid oleum (pyrosulphuric acid) must be liquefied in the simple 
bottle by gently warming, before being withdrawn by the pipette for 
analysis; it will then remain liouid sufficiently long to allow of its flow¬ 
ing from the pipette even after weighing. Actual anhydride and oleum 
approaching this strength cannot be handled in this manner, as they 
fume' too'much. In such cases Stroof’s method may be followed. 
This consists in weighing several portions of the anhydride in a glass- 
stoppered bottle, anil then adding a weighed quantity of accurately 
. analysed monohydfatc sufficient to produce an oleum of about 70 
per cent, which is liquid at the ordinary temperature. Solution is 

^ Chem. Zeit.^ 1910, 34, 264. 

Cf. Fiirstenau, Chem, Zeh‘., 1880,4, ^^4 MMler, ilnd., 4, 569; Bcckcr, 1880, 
4, 600* Winkler, Chem. 1880, 3, 194; Clar and Gaier, 1881, 4, 2f;i ; 

R^senlecner, Z. antn\ Chem., 1898, 37, 209; Sellik, Chem. Zed., l88^ t3, 1670 ; Rabe, Cheen, 
Zeit.y 1901, 15, 345 ; Sulphuric A'ta and Allah, I, p. 358 et seg. 
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hastened warming to 30° to 40' with the stoppej placed loosely in 
the bottle. The analyJis of the mixture is then carried out in the^ 
ordinary way. | , 4 ‘ 

The value of an oleum depends chicOy on the content of fre/e 
anhydride, SO;,; the result.s are accordingly calculated in the follow¬ 
ing manner. First, the total acidity i.s'determined by titration and 
calcslated to SO.,; the differen'te between too and the percentage 
so obtaihed is regarded as.,water, for each i8'i'parts ofjijiich 8o-o6 
parts SO,, are neCessary for tl'fe formation of II„.SO^; aftcr^l water’ 
has been allowed for in this way,- any refraining is taken as 
free^anhydride. It imftt not, however, bc-forgotten that otlier substances 
may be present in addition to the water, especially sulphurous acid, .SOj, 
which, as will subsequent!/ be seen, considerably affects the result. 
Solid constituents, in more than traces, are also occasionally present; 
these n‘i;*st be determined and the percentages obtained deducted from 
the water value, otherwise the result obtained for the percentage of 
free SO,, will be too low. 

The analysis of fuming sulphuric acid or'anhydride is carried out as 
follows:— 

The oleum is weighed off tared, thin-nvalled bulb tubes of about 20 
mm. diameter, drawn out at both ends to form long capillaries. Three 
to 5 g. of the mejted, completely homogeneous oleum, which is sufficient 
nearly to half-fill the tube, is drawn in by the following device. 
An ordinary narrow-ncckcd fiask is fitted with a rubber stopper, 
through which passes a well-ground glass tap provided with a piece of 
rubber tubing at its free end, A partial vacuum is produced in the 
flask by suction (with the mouth), the tap elo.sed, the rubber tube passed 
• over one of the capillaric.s of the weighing bulb, and the other 
capillary immersed in the oleum; on opening the tap the desired 
quantity of olSum is drawn into the bulb. 

‘fhe bulb i^ then clcanetf, one of the capillary ends sealed by fusion, 
and the whole weighad. Loss of anhydride by evapo¬ 
ration or absor[)tion ,tif moisture fhiljugh the non- 
scalcd, capillary end docs not occur to any appreciable 
extent during the weighiRg. In wcigliing, it is'"ad¬ 
visable to support the capillary ends of tli*; bulb-tube 
on a small platinum crucible with two notches ^ut in 
the rim; this wijl prevent damage to .the balance 
should breakage occur. 

The Weighed bulb is then placed yi a small Erlcn- 
meyer flask (Fig. 198), so that the bulb closes the neck and the point of 
the culefi capillary dips rather deeply into the water contained in the flask 
»y this means loss of anhydride by evaporation is^excludod. The 
point of the upper capillary is then brc^cin and after all the oleum has 
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run out the tube, is washed by dropping water through the upper 
capillary, and finally by sucking in water several times'so as to fill the 
bulb completely^ The solution is diluted to sdo c.c. and 50 c.c. taken 
» for titration. The titration is made with *V/5 sodium 

hydroxide solution (i c.c. = o-oo8 g. SO.,), using methyl 
orange as indicator (not litmus). Sulphurous acid is 
determined by'titrating a second portion of the solution 
rrith iodine solution, and the quantity found deducted 
from the total acidity,'as found in the titration with 
alkali. 

Clar and Gaier weigh the anhydride (oleurtil in a 
glass bottle (Fig. 199), 58 mm. high and 17 mm. wide, 
fitted with a long, ground-in glass stopper broadened 
out to a bulb above the neck of the bottle, and pierced 
on the top with a spiall hole which can be'Closed by 
a small glass stopper. The interior of the stopper is 
filled with glass wool moistened slightly with w^ter. 
Two to 3 g. of the iTieltcd anhydr,(de or fuming acid 
is introduced into the bottle, the stopper 
quickly inserted, and th,e. whole weighed. 

The head of the stopper is then weighterl 
by wrapping a strong platinum wire round 
the neck, and the bottle allowed to slide, 
mouth downwards, into a suitable flask of about 2 litres 
capacity placed in an inclined position, and containing 
about 500 c.c. of water at 50° to 60’. The flask is next 
placed in an upright position and covered with a watch- 
glass. It is advisable to bind the stopper to the bottle 
with thin platinum wire, to prevent its falling out. f 

With suitable weighting the bottle takes up an oblique 1 
position in the water, the head being direcced downward,s, j| 
which is the best position for the subsequent eperation. 

At first the warmth of the water expands the,an in the 
bottle and causes some acid to escape; later on, water is 
drawn, in . and dilutes the contents of the bottle without 
producing too violent a "eaction. The dilution may 
be hastened by coolhig the flask, but shaking or other 
violent movement c^ust be avoided. Finally, the bottle is 
‘washed inside and out with water, the cooled solution 
made up to i litre, and 100 c.c titrated with Nj^ alkali as:‘above. 

A very convenient apparatus for weighing fuming sulphuric acid 
or melted anhydride is the glass tap-tube recommended by Winkler 
(F;ig. 200). 

The conically narrowed portion ending in a capillary must be 
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aosoiutKiy dniform, and the tap, which may not bc^greascd, should fit 
perfectly. Th« longer!portion of the tube is one-half, or at mosr 
two-thirds, filled by \pUction .with the acid to be cjkamlned^ the tap 
closed, and the tube then inverted so that the acid runs down to tl^e 
tap. The end of the tube is carefrrily cleaned with paper, and the 
tube and contents weighed in a horizontal position. No’alteration in 
weight during weighing need iJe feared. The tube is then placed 
with the point downwarijs iji a beaker containing water and the 
acid allowed to enter the water very gradually, the rate of the flow’ 
being best regulated by means of.a screy clip. ‘ In the case of very 
strong acid.s or of pune anhydride which will remaia liquid for a con¬ 
siderable time, rlilution is effected by allowing the acid to 
c’seape on to a layer ?if cotirsely powdered, crystalli.sed, 

'• and puifectly neutral Glauber’s .salt. ’ In this way dilution i 

takes p'^cc quietly and without danger, on account of I 
the water of crystallisation present in tl* salt, h'inally, a K* 

few drops of water are allonved to enter the weighing- • 
tub 5 from above, and after staiuting for a tilrort time the ^ 
tube is thoroughly washed out The Glauber’s salt 
dissolved in water.^the solution made up to a known 
volume, and an aliciuot portion titrated. This plan docs ^ 

not, however, give quite accurate results, as the colour I ;jir 
change of the indicator (methyl orange) is less sharp in pj) 
presence of the Glauber’s salt. I ilv I 

The most convenient form of weighing apparatus, not I j| ' 
only for oleum but also for other liquids, such as fuming I |j[ j 
acids gf all kinds, ammonia, etc., which must be weighed ^jj liir 

. out of contact, with air, is the bulb-tup pipette designed | || 
by Lunge and Rey (Fig. 201). V’(K/ 

'The tails (T and c must fit perfectly without grease. 

To •fill the pijictte the tai> c is closed, a opened,* and, 
whilst applying suction at d, closed so that a partial vacuum is 
obtained in the bulb fq The point* c "of the tube is then placecl in 
the acid, and c opened, vdiereby the acid rises in the pipette. Care 
must be taken that it d*es not reach the tap f; all vapoijrg are 
retained in b. The tap c is then ckise^, the end of the tube c 


cleaned, and after returning the pipette to thp protecting tube /, 
the whole is weighed. • In the case of. strongl;^ fummg nitric acid 
and similar liquids a drop of the liquid may escape from the point e' 
during tUc weighing; in such cases ;t is advisable to plgce a little 
water in the tube / taking care, however, not to insert the empty 
pipcUfc "beforij the final weighing, last its point become wetted. The 
[jipette is then jejnoved from / the point e dipped yito water, and 
the contents allowed to escape gradu4lly«b^ opening the tap f; a 
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little water is admitted to b through d and a, and the whole finally 
i-washed after allowing to stand for some tim^. If only 0-5 to i g. of 
acid has been \’eighed off, the whole of the, resulting solution is 
titrated, the result obtained being more accurate in this case than by 
diluting to a large volume and.only titrating a portion. For larger 
quantities of adid the solutiofi must be diluted to a measured volume 
and an aliquot part titrated. 

The strongest oleum (over 70 per qent^) cannot be run into water 
directly^Vithout undergoing loss. Sucir acid is weighed in the bulb- 
tubes described above, both capillary ends fused, and the bulb placed 
in a flaslt containing a fairly, large volume of, water. The flask is 
then closed with a glass stopper, the bulb broken by shaking the'fla.sk, 
and after standing for some time the whole is titrated. 

For other apparatus for the weighing off and dilution of samples 
of oleum, with diagrams illustrating their mode of action, sqi; Finch,^ 
Vernon,® and llcrl.'' 

Rosenkcher‘‘ has described the method employed at Freiberg for 
checking the process in the works. V«'eighing-tubes of the dimensions 


shown in Fig. 202 are made from glass tubing of ; to 6 mm. diameter; 
a number of them are prepared at one time. The ends qf the 
capillaries arc narrowed to | mm., and for strong oleum or anhydride 
to I mm. The bulbs arc filled by suction applied by the mouth 
through a capillary ruboer tube fixed to the shorter capillary, a test- 
tube filled with soda crystals being intcrpo.'ied when necessary. Suction 
is applied until the liquid begins to rise in thq, bulb, and is stopped 
before the heavy anhydride vapours reach the shorter limb. The bulb 
is then turned so that the limbs point upwards, and the bulk of the 
liquid brought into-the bulb by gentle tapping. Each bulb is carefully 
wiped with filter paper and supported opposite a corresponding number 
in a notched cardboard box. In weighing, the bulb is placed on a 
platinum crucihle (p. 461), or held in a suitable btass wire support. 
• If the above dimensions of the capillaries are adhered to, there is no 
danger of moisture being absorbed or of loss by evaporatiop, even in 
the case of pure anliydride. Care must, however, be taken not to warm 
the bulbs in handling, either before or after, weighing. _ To ta ing the 

‘ J. Soc, Chetft Ind,^ 1910, 29, 625. 

* Chem. Zcil.^ 1910, 34, 428. I 



J. Chrm. Sot., ’910, 98 (ii ), 803. 
‘ Z. anal. Chm., 1898, 37, 209. 
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acid into solution the bulb is placed in a bottle containing the indicator 
and 20 to 30,c.c. of w^ter, at the temperature o^ the room. The” 
previously wetted gl^jss stopper of the bottle is tjien inserted, the 
bottle held in a horizontal position*(the colour of the indicator shoulfl 
remain unchanged up to this time),»the stopper securely fixed, and 
the bottle well shaken until the tube Iihs been compl’etc'ly shattered 
and ^ all white vapours have disappeared. The solution is then 
titrated in the bottle itself Tj'hc differenc(?s in' the results obtained 
seldom exceed 0-45 per cfent./;ven with rapid working.' (Th’is state-* 
ment apparently relates to the tptal acidity rfnd not to the free 
anhydride.) , , , ^ ' 

DRbriner and Schranz ^ dis.solve 6 to 8 g. of the oleum contained 
in a sealed tube by bicakisg the tub 5 in » stoppered litre flask con- 
0 taining about 150 c.c, of water, ar/d adding a weighed quantity of 
chemically pure dry sodium carbonate, .so that only 3 to 4 c.c. of 
normal solution arc required for'titrating back. By this means errors 
in the standard solution, anil in the burette, etc., arc reduced to a 
min+mum. • 1 

As already stated (p. 461), 4 deduction must always be made for 
sulphurous acid, which is seldom absent from commercial oleum. The 
sulphurous acid is usually dttdrmincd by titration with iodine and the 
quantity found deducted from the total acidity. Lunge ^ has pointed 
out that an error may easily occur in the latter titration, unless due 
attention be paid to the indicator employed and the stage at which the 
change of colour takes place; great differences exist between the 
various indicators in this respect. Thus with phenolphthalcin the 
change occurs when i mol. SO^ has combined with 2 mol. NaOH, that is, 
.when Na.^SO., has been formed ; with methyl orange, on the other hand, 
the change takes place when only i mol. NaOII has been added for 
1 mol. SOj, that is, as soon as NallSO., has Been produced. Litmus 
canebt be employed, since J:hc re.sults obtained art quite indefinite, 
lying bctweeit the Jimits given above, nor is phenolphthalcin a 
good indicator in thisf case, owing* ta the unavoidable presence of 
carbonate in the sodium hydroxide solution. Ammonia is unsuitable 
for the titration. Methyl »orange should therefore-^be used, joearing in • 
mind that l c.c. normal sodium hydroxide i^lulion (004006 g. I^aOH) o 
is neutralised by 1 mol. SO., (0 04003 g. SO,,), but by a full molecule 
of SO2 (0'06405 g. SO2). Consequently, for each i c.t. Nj 10 iodine 
solution required for the titration of the latter only o-o^ c.c. normal • 
alkali solution must be allowed, and^not the equivalent mtioo-i c.c. 

If this point be neglected very considerable error* may result, since 
everything other than SO, and SQ^ is assunsed to be water; thus 
ai^incorrect allowajice for sulphur dioxide will not only show too little 
^ Z. angew. Chon., 1896, 9, 453. • # - 1895. 8. 22 

• ® 2 G 
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trioxide, but also a corresponding quantity of water in excess of the 
^real value, and sinde the latter has to be credited with its corresponding 
amount*'')f 503(^4-443 times the quantity of/vater), the percentage 
of free trioxide may come out very much too low. In an actual case 
the incorrect allowance for SO^ led to an error of per cent, in the 
free SO3. This is, however, afi extreme instance. 

If the proportion oPfree tripxide if calculated by means of the table 
(p. 467), instead of by multiplying the, water by 4-443, due allowance 
I'must sillUiSfiy be made for the content 01 sulphur dioxide. Thus, 
taking the actual oasc just referjed to, analy.si.s proved the acid 
to contain 9^21 jier cent. 2-43 per cent. SO,, and 2-36 per cent, 
lip. Ilf using the table the SO, must be left out of account, that i.s, 
the SO3 and ILO arc tin? only factors tc be considered. It will not 
do merely to take from the tabk' the value corresponding to a total 
percentage of 95-21 SO3; this would only give 73-95 per cent, free SO3, 
an even more incorrect result than the above. The correct procedure is 
to add the 2-36 parts Il^O to the 95-21 parts SO3, giving in all 97-57 
parts of acid and water with a percentage content of 97-58 SO3. Acttird- 
ing to the table, it is found by interpolation that suen acid corresponds 
to 86-80 per cent, free SO;^ and 12-20 per cent. 11 ,.SO,;. This 86-80 
per cent, must then be recalculated to lHc original acid, and so allow 

for the contained SO.,, giving ^7ji7 x_86^8o ^ 

SO3 as the final value. The result obtained thus involves consider¬ 
ably more calculation than multiplying the percentage of water by its 
equivalent of sulphur trioxide ; it is only fair to state, however, that this 
example docs not lend itself particularly well to the table, which is 
drawn up for mixtures of anhydride and water only. 

In the foregoing instance, as in all methods hitherto publi.shed for 
determining the strength of oleum, everything other th.Mi SO, and SO3 
is regarded as water. It is, however, advisable to estimate the fixed 
inipurilics by evaporation, since otherwise their weight multiplied by 
4-443 is erroneously deducted from the free SO.,. 

The results of the titration are first calculated to percentage o 
total SO,, (combined and uncombined witli, water), each i c.c. normal 
sodiu'rfi hydroxide solution coTcsponding to 0-04003 g. SO.,; the ratio 
between free SO3 and the IIjSO^ present may then be taken from 
the following table drawn up by Knietsch.' Or the general formula, 

803 = 8-4.443(100-8), 

may be employed, in which SO3 stands for the free sulphur trioxide and 
S for the total SO3, as found by tirration. ’ 

^ B<r , 34, 4114. 
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Table for fincUng the Percentage of Free SO, in* Oleum from th& 

Total SOa as determined by Analysis. Knietsch. / 

I • • * 



S' 


SO. 

S' 

• 


St),; 

so,, • I 

Totai. 

Freu. 

Total. 

Free. 

Total. 

Fk*". 

• 

Total. 

Fieo. 

t 

Total 

j Fm;* 

Tntal. 

Frnc. 

*81-03 

• 0*0 

84 -7 

18-7 

^7*8 , 

.33-(; 

90*9 

:fo-,> 

•91-U 

Of -3 

97-0 

83-7 

81*7 

0-4 

84-8 

17-2 

•87-9 

3-H 

i'l-O 

51 -0 

911 

6 ? • 

• ir/l 

; 8t-2 

81-8 

U-9 

84'9 

17-8 

88’0 

3I'7 

91 1 

5! G 

9 I -2 

081 

i7 2 

! 8i-8 

81-9 

1*5 

85-0 

18-3 

881 

3.5 "ii 

9L-2 

521 

♦ 1-3 

09-0 

97-3 

I 85 3 

82-0 

2-0 

85-1 

18-9 

88-2 

35-8 

9l -3 ' 

59 'fi 

9 I -4 

09-5 

971 

I 85-8 

82*1 

2*t) 

85-2 

f9‘l 

88-3 

30-3 

91*4 

5:i-2 

91 -r^* 

704 

a? -5 

! so-i 

82 -2 • 

3-1 

Sfi -3 

20-0 1 

88-4 

3G'S 

91 -5 

537 ! 

9 I 0 

70-0 

97-0 

: 80-9 

82’3 ! 

3-G 

35-1 

20^5 

88-r, 

37-4 

91’G 

r,i ;j 

III-7 

: 71-2 

97-7 

87 ’r) 

82-4 

4-2 

8r« T) 

1 21-0 

88-G 

37-9 

91*7 

Jl 8 

91-S 

71-7 

97 8 

88-0 

82’5 

•1-7 

85-li 

! 21-G 

8.S'7 

38-5* 

91 *8 

55 1 

9!-9 ■ 

72-2 ^ 

97-9 

8S-(i 

82'0 : 

6*3 

85-7 

1 

88-8 

39'0 

91 '9 

55'9 

95-0 

72‘8 

98*0 

891 

82-7 

,f.-8 

85-8 

22-7 

88-9 

39-G 

92-0 

50 1 

951 

73-3 

981 

S9-7 

82 *8 

G-1 

85-9 

23-2 

89 'O* 

f01 

92*1 

57-0 

95 -2 

73-9 

98 2 

90-2 

82'9 i 

(i-9 

8G-0 

23'8 

89-1 


99 '9 

5 7‘5 

95 3 

71 1 

98-3 

90-7 

83*0 

7-,-. 

80‘1 

21-3 

89‘i 

41-2 

92-3 

.581 

95'1 

75'0 

•981 

, 91-3 

831 

8*0 

8G’2 

21*9 

89-3 ' 

•n 7 

92*4 

GS-G 

95 -5 

76'5 

98-5 

91’S 

83*2 

8‘5 

86*:^ 

1 25-4 

89 ■! 

.12-3 

92-r) 

59-2 

95 G 

7G1 

98 G 

92-t 

83*3 

9-1 

80-4 

- 20*0 

89-5 

■12-8 

92-G 

59-7 

957 

70 0 I 

n8'7 

92'9 

83'I 

9-6 

SO'5 

20'5 

S9‘G 

131 

92-7 . 

GO •.3 

95-.8 

771 

98 \S 

93-5 

83*5 

10'2 

8G-G 

• 27*0 


4 3-9 

92-8 

GO-8 

95*9 

77-7 

98 9 

ni'O 

83*(} 

10-7 

80-7 

27-li 

89’8 

11 •:> 

921) 

G1 3 

91; 0 

■ 78-3 

99-0 

9 4-(5 

83-7 

: 11-3 

80-8 

j 28-1 

yyif 

•ir.'O 

93*0 

G1 ■!) 

90-1 

I 78 8 

991 

951 

83-8 

11-8 

Si 9 

28-7 

99-0 

45 -0 

90-I 

()21 

9G-2 

! 79'3 

99 '2 

95*0 

83-9 

12 3 

87-0 

I 29-2 

90'1 

•u;i 

93’2 

G3 0 

90-3 

79 9 

99-1 

90 2 

84*0 i 

1 12'9 

87-1 

i 29‘8 

90-2 

'.! 0 *0 

93-3 

(13 5 

90 -1 

801 

99 I 

90-7 

84*1 

! 13'1 

87-2 ! 

30-3 

90-3 

-17-2 

931 

G11 

9G-5 

81 -0 

99-5 

97-3 

84-2 1 

11-0 

87-3 

30-9 

90*4 

47 7 

9:1-5 

0 I -G 

9()-G 

81 '5 

99-0 

97-8 

84*3 

IIT) 

87--1 

31M 

90-5 

48-3 

93'G 

(I5 2 

90-7 

82 0 

99-7 

981 

84-4 

If)-! 

87 -5 

31‘9 

90*0 

18 8 

9:1-7 

05 7 

90 8 

82 0 

I19 8 

98*9 

8-1-.S . 

l.VO 

87-0 

32-5 

90-7 

49’4 

93‘8 

GG*2 

9G 9 

831 

99 9 

99-6 

84*0 

IG'2 

87-7 

33-0 

90*8 

19-9 

9;)-9 

GG'8 

1 





Griinhut ' gives the following table (p. 4C8), which allow.s the percent¬ 
age, to be read directly to the hundredth part. The left-hand portion 
shows the amfnint ot trio^’idc corresponding to the total percentage of 
Ha-SOj as found. For,106 per cenf. H„SOj, for example, the poidt of 
inter.scction of the vertical column 10 and the horizontal row 6 gives the 
desired percentage 26-657., The right-hand portioi.*contain.s.the^ values 
for the decimal places. The first deoimij is found in the vertical 
column marked by the asterisk, and the horizojital line lying to the 
right is then followed uni-il the column"liaiiing the ^econfl decimal place 
for its heading is reached. Thus for 0-78 per cent. ThiSO the value* 
is 3-465.•, The desired result is then obtained by addi^^ the per¬ 
centages found for the whole numbers and for the decimals. Thus, had 
the titration given io6-7§ per cent.,H.jSO^, the percentage of trioxide 
present in the oli^um would be 26 657-f 3-465 ^.30-12 jocr cent. The 

^ Z. anal, Chem.^ 1899,58, rty. 
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corrections for SOj and fixed residue must, of course, be made as 
'described (p. 466), before making use of these Irbies. 

I , I /' 


Table for finding the Perce,ntage of SO^ in Oleum from the 
Total Acidity caloulated as H.SO,,. Griinhut. 


Wliolo Num' 

10 11 

pr.$. 

12 

* 

0 

* 

1 

2 

lluridrodth I'art 

8 "j 4 : 6 

. 

7 

8 

9 

0 

44-428 

8C-857 

0 

0 

0-04-1 

'0-039 

0 - 133 ; 0-178'0*2‘/2 

0-267 

0-311 

0*355. 

0-400 

4-413 

48-871 

93-300 

1 

0-444 

0-489 

0-r)33 

0-578! 0 - 02-2 0-008 

0-711 

0-755 

0-800 

0-844 

8-886 

53'314 

'J7'7-18 

2 

0-889 

(1-933 

O '117 7 

1-022 11-060 l-rlll:'1-155 

1-200 

l-24t 

1-238 

13-329 

57 -7,17 


3 

1-333 

i-;i77 

1-422 

1-400 1-555 

1-599 

1-644 

1-688 

1-733 

17-771 

6-2-200 


4 

1-777 

1 'S2‘J 

1-S60 

r9l0il-955'l-999 

2-044'2*088 

2-133 

2-177 

2‘2-2M 

66-613 


5 

2-221 

‘2-266 

2-310 

2-355,2-399 -2-114 

2*-lSS 

2*532 

2-S77 

2*621 J 

2o-o:.7 

71'085 


6 

2-606 

•2*710 

2-75:> 

‘2-79!) -2-843 2-388 

2*932 

2-977 

.'“•021 

3-066! 

31*100 

7r)-:i28 


7 

3-110 

3-154 

3-199 

3-243’'3-288 j 3-332 

3*377 

3*421 

3-405 

3-510! 

3rrr)43 

70 971 


8 

3-UU4 

3 *,'591) 

3*613 

3-088 3-73213-778 

3*821 

3*865 

3-!)09 

3-9541 

39-986 

84'411 


9 

3-999 

4*013 

4-087 

4*132 '4*170!4*221 

' ' 1 

4*205j 1-310 

4*354 14-398 

t " 


Sctlik' has described a simple and rapid method for the estimation 
of fuming sulphuric acid, which depends oh the known property of oleum 
to fume in the air until all anhydride present has been converted to 
monohydrate, The analysis is carried out as fullow.s. At least 50 g., or 
preferably 100 g., to simplify the calculation, of the sample is weighed 
off on an ordinary balance to within O'l g., into a long-necked flask 
of from 130 to 200 c.c. capacity, and distilled water dropped in very 
slowly from a tap burette graduated in c.c. and provided with a fine 
exit-tube. 

As the reaction is very violent, means must be provided for keeping 
the flask well cooled, 'At the start the drops of water falling into 
the oleum fizz violently and give rise to dense fume.s; as the titra¬ 
tion proceeds, the reaction becomes less violent and the fumes le.ss 
dense. Towards the end of the-titration the shfiking must be continued 
sufficiently long, after the addition of each drop,'to allow the sulphuric 
acid fumes to be c>*mplctcly absorbed ; this, is necessary’ to permit of 
proper ob.servation. The reaction is finished when no further fumes form 
on the surface of the acid and a drop of water falling in the centre dis¬ 
solves quietly.' 

' The calctilation of the analysis is very simple: 9 c.c, 11,0 saturate 
40 g, SO3, or 100 c.c, 11,0 correspond to 444 g. SO,,. If, for example, 
100 c.c, of oleum 'nave been taken, and 6 c.c. of water required, the 
sample contains 26'64 per cent, free SO3. 

It 1.4 advisable to hdve an approximate knowledge of the strength, of 
’ 1889,13,1670. 





CH-LOROSULPHONIC ACID 


469 


the oleum oefore making the analysis, since an oleiyn containing over 
35 per cent. does Jiot lend it.sclf to direct titration, owin_g to th? 
violence of the reacti(|n. In such cases the sample slvjuld'bc reduced to 
from 30 to 35 per cent, oleum by addition of sulphuric acid monohydrate. 
The monohydrate used for this purpo.?e rnust, of course, Jiave been care¬ 
fully prepared, and should be stored in well-stoppered bottles. Setlik 
rgccftnmends the method for wofks use', and claims that with a little 
practice the test is quickly carried out, and is as accura'^*''?'■_ titration^ 
with alkali, especially if the ticid be contaminated with sulphurous 
acid, arsenious acid, sulphate of iroil, or otljcr impfirity. 

P.’jrker' worked obt the same method indcpendtntlyi anjl confirms 
Setlik's claims as to the constancy and,accuracy of the results it yields 
He considers it to be preferable to titration hith alkali, and suitable for 
commercial determinations as well as for works control. 

Rabe’i method - is somewhat ^similar in principle, but sulphuric acid 
of known strength (say 95 per cent.) is employed for titrating in place 
of t],ie water. This substitution only complicates the iflcthod and 
renders the results.lcss e.vact.'* . * 

Doth methods arc intended for works use only, and not for the 
analysis of acids intended for,.s,alc. • 

II. Howard'* assays oleum by making use of the heat-evolution on 
admixture with.sulphuric acid. lie weighs 100 grins, of oleum into a 
Dewar tube, takes its temperature (r?), adds 100 grins, of 92 per cent, 
sulphuric acid, of which the temperature has also been taken (/;), 
and ascertains the temperature of the mixture (c). The rise of tem¬ 
perature, c - is determined by, and corresponds to, the com- 

• position of the oleum. To avoid calculations involving the heat-capacity 
of the container, a scries of determinations wiUi acids of known com¬ 
position is made, and a tabic formed connecting rise of temperature 
with percenta,gc of H,,S 01 or of free SO,,. Th*c process is very 
rapid and the results*arc accurate {i per cent, difference in free^SO 
corresponds with abOuJiV)” difference in'risc of temperature). 


CHLOROSULI’HONlt ACID 

• , 

Chlorosulphoivf acid, SO,,MCI, has a.specific, gravit;^ of 1784 at 
0° C., and boils at 153° C. It is decomposed by water with violence," 
forming "eulphuric and hydrochloric ,acids. From the riMithod of its 
preparation, it is liable to contain an excess cither of hydrochloric acid 
or ofrsuiphuric acid and sulphur trioKide. 

^ /. Soc. Chem. In<^ f 9 I 7 ) 3 ^i ^ 9 ^* 

^ CJ, Lunge, Sulphuric Acid and Alkali^ vol. i., p. ^ 7 * * ^ 


- Char.. y. 9 iU, Igoi, 2$, 345., 

J. Soc, Chem, InJ,^ 1910, 29, 3, 
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For its analyses, 3 or 4 grms. is weighed off in a small Scaled bulb, 
which is^then placed in a strong bottle or flasF containing 25 to 50 C.C. 
of water; the bo tie is stoppered, wrapped in I. cloth, and violently 
shaken so as to break the bulb and mix its contents with the water. 
When the actiqn is over, the acid solution is titrated by Nji sodium 
hydroxide with phenolphthalein or methyl red. (It is convenient to 
mix with the water, before introducing the bulb, a measured quantity, 
,iinsuffici(i» 4 —Ir.t- neutralisation, of the normal alkali, and finish the 
titration after the reaction.) " 

The neutralised liquid ir now made up to a definite bulk, and the 
chlorine deteimined in an aliquot portion by AyiOsilver nitrate solution 
with potassium chromate as indicator. 

The total acid from the' first titration is calculated ns SO^, and the 
chlorine from the second as HCl (per loO grms.). The equivalent in 
SO,, of this HCl, subtracted from the total acid, gives the total SO„. 
This and the IICl together,''subtracted from too, give the water, 
present, of course, not as water but as II.^SO^; and the equivalent in 
SO;, of this water, subtracted from the total SO3, giye.s the SO3 present 
as chlorosulphonic acid and (if any) free SO3. This quantity of SO,,, 
and the MCI found, arc separately calculated into SO., HCL If the 
former result be the greater, there is no free hydrochloric acid, and the 
difference between the two results, calculated from SO.,HCl to SO3, 
gives the free sulphur trioxidc. If the latter result be the greater, 
there is no free sulphur trioxide, and the difference, calculated from 
SO3HCI to HCl, gives the free hydrochloric acid. 


NITRIC ACID MANUFACTURE 

Chili saltpetre is the^only raw material employed in this indu-stry 
which is dealt with in this section. The testing of sulphuric acid and 
of the various waste acids from the manufacture of nitrobenzene, nitro¬ 
glycerin, pyroxylin, etc., which^arc frequently used in the nitric acid 
industry, is described in other sections (pp, 416 a scq .; 497 ct scg.). 

Ciiiu Sai.tpktrf. 

Chili saltpetre should contain at least 95 per cent, and the better 
qualities 96 to 9)? per cent, of sodium nitrate. In addition to this there 
"may occur potassium nitrate,^ occasionally up to 9 per cent., sodium 
chloride, sodium sulphate, sodium iodate, sodium perchlorate, and 
insoluble matter; also, in exceptional instances, sodium carbonate, 
magnesium sulphate, artd salts of the heavy metals. 

) CJ, ifunge, Ckem. /mL, 1886, 9, 269 ; Hagen, Chem. ZexL, iSgr, 1 ^, 1528; and, angfw, 
f.y«w., 1893, 6, 495 and 6g8. 
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Of these substances the following are usually only tested for qualita¬ 
tively. * ^ 

Potassium, detcct'jcl by platinic tjiloride or .sodiur* cob’altifiitrite. 
lodatcs. According to Beckurts,* the solution is acidified with 
nitric acid and potassium iodide-stanch solution addqd; the method 
will detect i mg. of iodic acid in i g. nitre. ^Or the io'dic acid may 
be reduced by zinc and the iodiifc liberated by heating with strong sul¬ 
phuric 5 cid, the solution (liluted and shaken‘with carf''in b’sulphidc, 
which will cxtrac< any iodine [Iresent, giving a rose-red solution. 

Bromine, under similar conditions, colours Are carbon bisulphide 
yellow to reddish yeliow. • , 

Sodium perchlorate, the presence o| which was first recognised by 
Beckurts,'^ and has since be?n repeatedly coftfirmed, is, according to van 
Breuke'leeven,'’ most easily detected*by a micro-chemical test. This is 
carried cut by adding a little rubidium chloride to a few drops of a con¬ 
centrated filtered solution of tfic salt*pctre placed on a glass slide. 
Permanganate is added to the solution to the production of a wine-red 
colour, and the ^solution evaporated till Single crystals form, when 
the slide is placed under thf; micro.scope and examined to see 
whether, in additisn to tl;e colourless" crystals of sodium nitrate, 
the reddish-violet crystals of rubidium perchlorate are also present. 
H. I'resenius ai;d Bayerlcin'* recommend this method. 

COMMI'UtCIAl, A.S.S.W OF SAI.TI’ETRK 

In commercial dealings in Chili saltpetre an indirect method of 
valuaAion has been generally employed until quite recently, and is still 
used to a con.s'idcrablc extent for the large shipments to Icngland. 

According to this method only the percentages of moisture, sodium 
chloride, sodium sulphate, and matter insoluble in water are determined, 
thS sum of ttese being called the refraction ; it is assumed that all the 
rest is actual nitrate? This method^"’cannot in any way be lookcd^upon 
as accurate, and m.lyJJad to considerable error. 

For example, the method quite overlooks any potassium nitrate 
which may be present fr/l p. 470), and which, even in rcfinacl nitre, 
may reach several per cent. Since tbe •nitrate is employed for the 
manufacture of nitric acid, explosives, etc., the higher pitrogen content 
of sodium nitratc»as cofnpared with thatTif the pt-tassiuip compound is 
the chief consideration, and it cannot be a matter of indifference to the 
manufacturer whether he, for instance, receives 9,per ce«t. potassium 
nitrate in place of 9 per cent sodium nitrate, or whether a lot which, 
•* . • • ' 

' Phaim. Cnttr., 1886, 233. FtscUrtSJahmher., 1886,^05. 

•' Chtm. Ciiltr’, 1898, 1 ., 960. ■■ Z. ami/. C/lim.,‘ifigi, 37, 50I, . 

' Cf. Alberti and Hempej. ani;tw. 1S92, lOI. 
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according to the analytical results shows 96 to 97 per cent; of sodium 
v.itrate, on testing with the nitrometer is found to contain only 94 to 95 
per cent) In addition, the “ refraction method ” slso includes as nitrate 
ajiy perchlorate which is present. 

COMl’LfcxE ANAiy.SIS, WITH EXCEPTION OF THE DETER¬ 
MINATION OF Nitrate and Perchlorate 

Moisture.* —c 8 g. of the well-mixed and coarsely powdered sample 
is weighed into a platinum crucible, and cautiou.sly heated over a 
small flarrie, so as, just to fuse,the nitrate; with-a little practice it is 
easy to hit off this point e.xactly without it being necessary to observe 
the temperature. The crucible and conteiits are then allowed to cool 
in a desiccator and weighed ; the heating is repeated at the same 
temperature, to make certain that constant weight has been reached. 

Or 10 g. of the nitrate is dried in the air-bath at 130°, until the 
weight is constant. 

Insoluble Matter —Fifty g. of tlie saltpetre is weighed into a 
beaker on a balance turning to 0 05 g. The sample is dissolved in 
water and filtered through a filter paper previously tared again.st a 
similar paper; the washed residue and the tare are then dried together 
and weighed. 

Should the insoluble residue appear to contain appreciable quantities 
of organic matter, the latter is determined approximately by igniting the 
filter paper and insoluble residue. The previous drying of the residue 
is, in this case, preferably done at a higher temperature, say 120" to 130'', 
since otherwise there is always a small difference between the weight 
obtained by drying at 100° and that got by ignition, even in samples 
perfectly free from organic matter. 

Chlorine, Sulphuric keid, Calcium, Magnesium, and Sodium car¬ 
bonate. —Five g. cf the sample is placed in a filter paper standing 
over a 500 c.c. flask, and dissolved by addition o'' boiling water; any 
sand'remaining on the filter after 'washing is complete, is ignited and 
weighed. The filtrate when cold is made up to 500 c.c., and of this 
solution 50 c.c. is tiken for the determination of chlorine by titration 
or precipitation with silver nitrate (p. 73), the result being calculated 
to sodium chloride. A further 50 c.c. is heated to boiling, and pre¬ 
cipitated with bariurn chloride, the resulting barium, sulphate filtered 
eff, weighed, arid calculated to calcium sulphate. To c.stimate the 
calcium and^ magnesium, 20 g. of saltpetre is dissolved in lOfrO c.c. of 
boiling water, and the calcium estimated by the addition of ammonium 
oxalate to 500 c.c. of this solution, the magnesjum in the filtrate from 
the calc^m precipitation by addition of ammonium. phosphate. Th.. 
sodium carbonate is obtaired by treating 100 c.c. of this solution 
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with sulphuric acid, evaporating to dryness, and ,igniting until the 
weight of the residue is^constant. The sodium carbonate is calculatec? 
from the weight of ‘jilphate ^o obiained, after maUng allowance for 
the calcium and magnesium sulphates present. Any potassium 
present must also be allowed for. 'T^c sodium carbonate is often 
obtained by difference. ^ ' 

, Potassium —Pota.ssium was formerly estimated indirectly by con¬ 
verting t*hc bases into sulp[iate. 4 , but the method leads tQ,“”ery uncertain, 
results when, as tn this case, *one of the constituents is present in 
only very small proportion. ’ . * 

Aynuch more exadt method consists in repeated /:vaporaiion of the 
saltpetre with strong hydrochloric acid, and precipitation with platinic 
chloride, as described in the section on “ l’ot?issium Salts” (Vol. II.). 

The potassium is calculated to potassium nitrate, one hundred parts 
of which ire equivalent to 84-0,9 jjarts NaNO.,. 

Tfik Estimation of IS^ttratk 

• 

Numerous methods, of very uliequal value, have been proposed for 
the estimation of nitric acid tn saltpetre. These are grouped together 
in the following list as arranged by Bdckmann, with several additions 
of recent date; "it is essentially a summary, and does not make any 
pretence to be complete. 

I. Methods depending on Reduction to Nitric Oxide. 

tiiMsuicmcnt of nilric oxide, i. Lunge’s nitrometric method 
• (p- 7^)- • 

2. The method of Schlosing-Grandcau ’ as improved by P. Wagner^ 
(p, 4.S2). 

41 . Volumetric determiuufiou of the nitric acid ohfaiued on oxidisint; 
nitric oxide ".oith hydrtgen peroxide. Wilfahrth’s method. ' 

(. 1 . Reduction by •fcr>^us .udts anH .^ibsequcnt titration with perman¬ 
ganate solution. Method of Pelouze and P'resenius. 

Method of Russo and Sensi.'* . 

% 

II. Reduction to Ammonia.in Alkaline Solution. 

There are many modifications of this method, 01 whlth«the following, 
may be mentioned :— 

I. Stutzer’smethod.-’’ Reductionb/sodiumhydroKideanclaluminium 

■ d'gi^kutturchem. .Analyst, p.^I. ■mChem. ZtU., 1883, 7, 1710 ; 1884, 8, 475. 

^ ^ anal. Chem.y l8^8, 27 i 4II» • • 

* Gazz. Chwx. Jlaify iQMi 44 i 9 - See also J. E. Clenngll, Eng, and 1918, 106, 6io. 

^ Z. angtw. Chem,, 1890, 3, 695j ^ 
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wire. Aluminium prepared by the old method of manufacture is the 
only kii\d suitable, and this has ceased to be a<. article of commerce. 

2. Sievert’s nrethod.’ Reduction wirh zinc ^lust and iron powder 
i.i alcoholic potassium hydroxide solution. 

3. Arnd’s methocL- 

III. Reduction to Ammonia in Acid Solution. 

1. Ulsch’^ m.gthod.-’ Reduction by ferrum redactum, and dilute 
sulphuric acid, witly subsequent distillation after rendering alkaline 
with sodium hydroxide solution. Idle method is described on p. 476. 

2. Schmitt’s method.' Reduction by a mixture of zinc and iron 
dust in acetic acid solution. 

S' . *1 • 

3. Hildesheimer’s modificationj’ of Jodlbauer’s method. Reduction 
with phenolsulphuric acid, zinc dust, and mercury. 

4. Fdr.ster’s method.® Rec|uction. with sulphosalicylic acid, sodium 
thiosulphate, and mercury. 

5. ULsch’s electrolytic method." 

6 . Ingham’s electrolytic method.'' 

IV. Reduction to Nitrous Acid. 

Ganttcr’s method." Reduction by phosphorous acid, and measure¬ 
ment of the nitrogen evolved on heating the resulting ammonium 
nitrite. 

V. Estimation of Nitric Acid by means of the Hydrogen Deficit. 

Ulsch’s method."’ A measured quantity of sulphuric acid is allowed 
to act on strongly coppered iron alone and, separately, upon the couple 
together with the nitrate solution; the hydrogen evolved in the two 
cases is measured in the nitrometer and the volume.s cotiiparcd. 

VI. Decomposition with Hydrochloric Acid. 

r. Forster’s method.” Two to 3 g. of the'salfpctre, dried at 150”, 
is evaporated with 25 c.c. of 19 per cent, hydrochloric acid three times 
successively in a roomy porcelain crucible bn the water-bath, and the 
resulting chloride dried at 150' and weighed. The nitrogen equals the 
lo.ss in weight of the dried saltpetre x 0'5274. 

^ - j, 

„ 1 

^ C/. Tricke, 189I, 4, 240. - /. an^nv. Chrni.^ 1917, 30, 169. 

2 Chem. Onir.^ 1890, II., 926 ; /, an^ew. Chem.^ 1891, 4, 241. ^ 

* C 7 iem. Zei/., 1890, ^4, 1410 ; Z. Chem.^ 1891, 4, 340. '' 

® Siillwiild, Chnn. Z.eM.^ 1890, 14, 1G74. 

^ Chem, ZeU., 1889, 13, 229 ; 1890, 14, 1^74. ' ' , 

Z . tElektrochefn,^ 1897, 3', 546. ^ /. Amtr. Chon. ,SV., 1904, 26, I?il. 

I Z. anal. C/ieni., 1895, 34, 25. ^ i'’ /hid., 1891*^ jO, 175. 

Chem. Zeil., 1890, 14, 509. 
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2. GowaVi’s method.' Decomposition with hydrochloric acid and 
absorption of tTic resulti^ig nitrosyl chloride and chlorine in potas.siunf' 
iodide:— 

HNO.,+ 31101 = Cl,, + N0Cl + 2iI,0. (i lINOj - 3 CI). 

3. Bohlig’s method.''' Decomposition with sulphuric and hydrochloric 
auids, absorption of the liberated chlorine ia potassium^ fcrrocyanide 
and .subsequent tit/ation with permanganate. 

4. Bensemann’s method." 

VII. Ignition Methods 

• • 

These methods arc described on p. 483. 

• • • 

VIH Combustion Methods with Soda Lime and othei* additions 

(analogous to Will ajid Varrcntrhpp’s method). 

1. Arnold’.s method.' Ignition with sosla lime, sodium thiosulphate, 
and sodium formate. 

2. Ilouzcau’spnethod." Ignition with soda lime, sodium thiosulphate, 
and .sodium acetate. 

3. Boyer’s method." Ignition with soda lime, calcium oxalate, and 
sulphur. 


1. C)tromate method 

2. Silica method 


, IX. Precipitation by ‘ Nitron.” 

Busch’s method.' “Nitron” is the name given to the base 1:4 
diphenyl 3 ; 5, cndanilodihydrotriazolc; it forms a nitrate which is 
almotit insoluble in water and whicb is suited for the detection and 
determinationtof nitric acid. 

This summary of ^he better-known .methods for the determination 
of nitric acid is includ(?c!*on account of the importance in industrial and 
agricultural chemistry of an exact determination of^he nitrate in salt¬ 
petre. More detailed accounts of Ulsch’s method, Lunge’s nitrdmctric 
method, Wagner’s improved form of the S*chlusing-Grandcau method, 
and of the methods depending on ignition with poTassiura chromate and 
quartz respectively* are given below. * • • 

> Chm. ^r7i'S, 1S91, 63, 245 ; Chtm., tSgi, 4, 557. • 

2 Z anal. Chtm., 1900, 39, 498. ” angtw. Chem., 1906, 19, 471. 

“ /fo'/., 1885, 9, 715. ^ ' /ill/.,998. 

“ Comptes rtnf., 1891, II3, Sc.^r ^ 

^2 Btr,, 1905, 38, 8gi tliid 861 ; J. Sac, Chtm. hrd., 1905, 24, 291 ; Gutljier, Z, angtw, Chept., 
1905, 18, 494; Hes, anal. Chtm., 1909, 48, Si; Wirik1er,*Z angm. Chtm., 1921, 31, 46. 
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Detailed Desckittion of the Chief .Method's for the 
'Deternhnation of tiijc Nitrate in Salttetre 

1 

Ulsch’s Method, as' modified by Bdckmann. 

The modifications relate to the size of the flask used for the 
reduction and for the subsequent dfstillation; to more effective air- 
cooling, and a'’oidance of other methods of cooling in the distillation ; 
to dispensing with the special bulb-tube intended to prevent alkaline 
solution being carried into the distillate; to rendering a back titration 
unnecessaryto tiicconstriictidn of the absorption vessel; to the quantity 
of the absorbing solution, and to the strength of the sulphuric acid 
used for titration. Also, the weights of sample taken for analysis, of 
sulphuric acid for decomposition of iron powder, and of sodium 
hydroxide solution employed by Ulsch and Fricke are' doubled. 
These latter changes had previously been recommended by Alberti 
and Hempel.* The essential features of Ulsch’s method remain 
unchanged. 

The following solutions are required for the determination:—i. 
Dilute sulphuric acid (i; 3).' 2. Sodiucu' hydroxide solution of sp. gr. 
I- 25 , absolutely free from nitrogen compounds. 3. sulphuric acid 
or Nji hydrochloric acid prepared as described on p. 53. 

Twenty g. of each of the well-mixed average samples, ground 
somewhat further in a porcelain mortar, is weighed out, dissolved in 
water, and the solutions made to 1000 c.c.; 50 c.c. (=i-o g. saltpetre) 
of each solution arc then run into a round-bottomed flask of at least 
I litre capacity. The neck of the flask should be at least 10 erri. long, 
and of an internal diameter of 275 to 3 cm. One g. fetrum rcdactum 
is added to the contents of each flask, and then 20 c.c. of the 
diluted sulphuric acid (1:2); as a precaution, an ordinary glass 
funnel is placed in the neck of each. When the gas evolution has 
either ceased altogether or become very slow) it is accelerated by 
placing the flasks on .sheets of asbe.stos and heating by a small flame, 
so that the solutions reach a quiet boil in about four minutes; 
boiling is' then maintained for about six more minutes, at the end 
of which time the reducti(!n should be complete. 

The flasks are then allowed to cool slightly, in order that the 
subsequent add'tion of water shall not crack tne funnels, and after the 
addition of about 150 c.c. of water, the solution is made alkaline by 
the addition of 50,,c.c. of the sodium hydroxide solution prepared as 
above. At the same time a rapid rotary motion is given to the contents 
of the flask, and any syfupy material adhering to the upper walls of the 
flask is‘washed down by the aid of a wash-bottle. A- pinch of zinc diist 
' 7. an^few. Chem.^ 1891 , 4 , 398 . 



.CHILI SALTPETRE 


477 


is then adclscl to each flask, and distillation carried out as follows ;—The 
distilling flask ijs placed on a sheet of asbestos card' supported on ar, 
ordinary tripod, and thi neck fitted with a rubber stoppery through 
which a bent deliver)^ tube passes ior the escape o{ the gas ; Lunge 
recommends the use of a bulb-tuba. The vertical portion of this 
tube should have a length of 14 to if cm., of which ifi to 12 cm. 
is o;itside the stopper, whilst tUe downward jjortion leading to the 
aRsorptian dish should be abou.t 7 cm. long, hnd connected by a piece 
of rubber tubing about lo'cm, Jong to a second tub^-i'tvhich dips into * 
the absorption dish, care being taken that the twr# tubes are held flush 
together. This second tube is continued (or about 7. cm, in the same 
directfbn as the downward bent portion of the exit-tube Trom the 
distilling flask, and is then ibent at rijflit asglcs and continued for a 
• length cf 50 to 60 cm., when it dii:;6 into the absorption dish. This 
is an ordinary earthenware dish, of about 800 c.c. capacity; it is 
charged with about 350 c.c. of Ilistillcd wfeter to which about two drops 
of a somewhat strong solution of litmus have been added ; Uic solution 
shoufd be tinged a rather faint but distinct blue. A drop of the 
standard sulphuric'acid is then aclded to the contents of the absorption 
vessel from a burette standing over the latter, and the solution is tested 
for neutrality by a piece of "scfisitive litmus paper (p. 44). When the 
solution is neutral, which may ncce.ssitate the addition of a further 
drop of acid, the burette is filled with acid to the zero mark and the 
flask heated; the contents, although thick and coloured greenish 
brown, owing to separation of ferrous and ferric hydroxides, distil 
quietly and without bumping. Four distillations can easily be carried 
out simultaneously, and duo attention be given to the necessary 
.additions of ajid from the burette. Should the nitrate content be 
approximately known, as is frequently the case in works, so that 90 
per cent, of the acid required for titration ma}t be added at the start, 
six ^listillations can be attended to at the same time. • 

Instead of the Bdejemann absorption vessel. Lunge prefers a I’eligot 
or other similar tubp, iii which the gAs inlet-tube does not dip into'the 
acid used for absorption’(i/ Fig. 203, [x 479); this avoids the risk of the 
acid being drawn back intij the distilling flask. 

As soon as the acid solution has bean neutralised by the ammonia 
evolved in the distillation, any further ammonia that comes over is clearly 
indicated by blue strean; lines rising fl'onj the mouth of the inlet-tube 
through the reddish-coloured solution. The latter soon asstftnes a bluish- • 
red colou,j|, unless fresh acid is added from the burette. Even should this 
take place, there will be no loss of ammonia, provide?! that fresh acid be 
addc(j*^ once, always taking care tp maintain.the solution as nearly 
n^tral as possible by te.sting with sensitive litoius paper. T^owards 
the end of the operation, the solution in,the^absorption Vessel becorrres 
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appreciably warm, but no loss of ammonia need be feared on this 
.account. Finally, when no further addition of standard acid from the 
burette has been necessary for several minutes, the inlet-tube is removed 
from the absorption vessel and, after making certain by the smell that 
the steam coming off is quite free from ammonia, the distillation is 
stopped. 

With a distilling ilask of the dimensions given, the surface of the 
liquid is about i8 cm. below the gas exit-tube, and there is consequently 
no danger of^u'S.'■line liquor being carried forward from the flask ; in 
fact the water condnising on the, inner end of the exit-tube always 
shows a neutral reaction, as may readily be proved at the end of the 
distillation. ' “ 

Using Njs sulphuric or hydrochloric acid, each i c.c, corresponds to 
o-oiyoo g. NaNO,,, 0-02022 g. KNO;j, o-oio8o g, N,j05, or 0-01260 g. 
HNO3. One g. pure NaNO.j consequently requires 58-82 c.c. of acid. 

Bbckmann recommends the use of burettes of too c.c. capacity 
graduated to iV c.c.; this, however, necessitates a very inconvenient 
length. His proposal to use burettes of this capacity and graduated 
to -iV c.c. is quite unpractical. Any great error in gauging the quantity 
of sulphuric acid to be added may be avoided b^ making the other 
determinations (refraction determination' and potassium estimation, if 
necessary) prior to the nitrogen test. Should these indicate that more 
than 50 c.c. of acid are requisite, the full burette content of 50 c.c. 
may be run into the absorption vessel before beginning the distillation, 
the burette refilled, and the distillation started. 

If the burette be read to 0-05 c.c., or preferably to 0-025 c.c., the 
total error will not exceed ± o-i per cent, of the nitrate if due pre¬ 
cautions are taken. This degree of accuracy can, however, only be 
attained after considerable practice. 

Vogtherr^ recommends the apparatus described below (Fig. 203) for 
carrying out this test. It was primarily-designed for nitrogen deter¬ 
minations by Kjeldahl’s method, in which the digestion with sulphuric 
acid is carried out without the use of a fume chamber, and in the same 
apparatus as is used for distilling off the ammonia, and serves also for 
the estimation of-ammonia in ammonium I'ulphate and for analogous 
determinations. 

A Jena glass Kjeldahl flask is fitted above with a glass bell accur¬ 
ately ground in so a.s to be gas-tight, the bell being continued as a glass 
.tube bent first in a slightly inclined downward direction and then verti¬ 
cally. The vertical portion is connected by a cork or rubber sto_pper with 
a bulb-tube the lower open end of which dips below the solution in the 
absorption flask. The long neck pnd the glass bell preve/it spurting of 
the liquid from the reaction flask, the pear-shaped bulb prevents t’je 
' ‘ "iem Zeil ., 1902,27,988. 
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sucking bac(^ of the liquid used for absorption, whilst the cork or rubber 
connections employed are reduced to a minimum. < ^ 

A drawback to this itherwisc very satisfactory method li(^ in the 
fact that commercial ferrum rbdactuin is not, always^sufficicntly pure, 



and according to Brandt,’ errors amounting to’as much as o-8 per cent, 
may arise from this cause. » • 

Allen’s method” i« as follows:— I g. of the sample is treated with 
3 g. of Devarda’s aJlo^> (containing'45* per cent, of aluminium, 5b of 
copper and 5 of zinc) in the presence of 25 c.c. of a 20 per cent, solution 
of sodium hydroxide, the ammonia produced being ab^ierbed in standard 
sulphuric acid. When the violent action faused by the introduction 
of the alloy has subsided, the distillation is contjnued in a current of 
air, the flask bein^ heated by immersion in bailing'water; before 
entering the vessel containing the standard acid, the gasc'ous products* 
are passed through an upwardly inclined steam-jacketgd scrubber 
(containing glass wool) to prevent a!kali “ mist ” Trom being carried 

’ Zt'i/., fSgO, 23, 22. • • 

Eighth hit. Cou^. ,^^1. Chem.y 1912, Sect. I., Cumm. I,*19 ; J> Chem, hui.^ 1912, 
31.921. * * 
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over. For the titration, a solution of methyl red is used as indicator; 
,the latter being sensitive to carbon dioxide, all the vater employed 
in the process must be boiled before use. tThe standardisation of 
the sulphuric acM in terms of sodium’ nitrate'ds effected by a pro¬ 
cedure identical with that of the assay, pure potassium nitrate being 
employed for Ae purpose. Although not as rapid as the nitrometer 
method, the process is stated to be. more easy of manipulation and 
is believed to be mors accurate, the results of duplicate determinations 
' agreeing with??/''• 15 per cent. . ' 

Knecht^ dissolver i g. of nitrate, makes up to lOO c.c., places lO c.c. 
in a copper fla.sk (glass being too fragile), adds excess of sodium 
hydroxidl solution, and 20 c.c. of commercial titanous sulphate or 
chloride. The nitrate is at ''once reduced ito ammonia, which is 
distilled into a known volume of A^/lo acid, and the cxcess ititrated 
after the end of the distillation. 

Other modifications of therreduction method have been devised by 
Bcck,^ Holtkainp,® Winkler,^ Kleiber,® and Arnd.® 

Lunge’s Nitrometric method. —This method, which is due to 
VV. Crum, was first rendered practically available by the introduction 
of Lunge’s “ nitrometer ” (p. 78). The method depends on the fact that 
nitric acid, nitrous acid and their salts a'nd esters, when brought into 
intimate contact with mercury and a large excess of sulphuric acid arc 
decomposed quantitatively, so as to yield the whole of their nitrogen 
in the form oi nitric oxide, the volume of which is measured. The 
reaction is:— 

2HNO3 + 3H.,SO,i + 6Hg - 2NO + 3I Ig ,.SO, + 4lL(). 

In the analysis of saltpetre the bulb nitrometer (Fig. 26, p. 81) may be 
employed. It is preferable, however, to carry out the decomposition of 
the nitre with mercury and sulphuric acid in a special decomposition 
vessel, as shown in Fig. 28 (p. 82), so that the gas measurement can be 
made over dry mercury. The decomposition may be effected in “the 
ordinary simple nitrometer, taking note of temperature and barometric 
pressure, and reducing the gas Vollime obtaine.d, tc normal (0° and 760 
mm.), but it is more convenient to employ the gas volumeter (p. 83), 
which allo.ws the ,.0rrecLed gas volume to beVead directly. 

The quantity of nitre ta'-.en for the determination mus^ be such that, 
under the conditions of temperature and barometric pressure obtaining 
at the time, not Ic'^s than 100 c.c. and not mor'' than 120 c.c. of 
'nitric oxide are evolved. This corresponds to about O'35 g., a quantity 
which has g'ven rise to much adverse criticism of the methocF So far 
as such criticism relates to the accuracy of the actual determination it 

’ J. Soc. Chtm. Im!., 1915, 34, 126. - Z. anal. C/um.. 1906, 45, 671. 

^ Z. angew. Chem.^ 1913, 26, 600. ' Ibid.. 1913, 26, 231; 49x4,27. 630. “ 

' ‘ Chtm. ZtU.. 1909, 33, 479. . “ Z. angew. Cktm.. 1917, 30, 169 ; 1920, 33, 296. 
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may be dispiissed, since a gas volume of over lOO c.c. is obtained, and 
this volume catj be read off with ease to 0-05 c.c. or even less, which- 
means an accuracy of a 4 least i in 2000. This degree of ar-curacy is 
not obtainable by any*other m'ethod.' There is more* reason, however^ 
in the contention that a correct average sample cannot well be obtained 
when so small a quantity as 0 35 g. is -taken for the kn^lysis. This 
objeftion may be overcome if, as r-pcomm.cnded Iry J. Stroof, 20 g. of the 
nftre, dried at 110", is thoroughly ground, andnhc exact a.vcragc sample 
taken from this ag^in dried io c^mstant weight. .. 

When the bulb nitrometer w'itl)out a decomi^osing vessel is em¬ 
ployed, the operation i^ carried out as follows. The well-mixed finely 
powdered sample, obtained as above described, is filfcd into narrow, 
marked weighing tube, and tjrc tube coi 1 <ed qnd weighed. When filled 
• to the .mark, the tube should contain about 0-35 g. substance. 
The contents are then shaken into a previously prepared “saltpetre 
nitrometer'"’ that is, one of af least 1300.0. capacity (p. 81), so that 
the powder falls as far as possible on to the bottom of the. glass cup. 
During this operation the three-way cock n^ust be in such a position 
that none of its paSsages are open either above or at the side. About 
half a c.c. of water is then poured'in, and ajlowcd to stand a short time 
until the nitre is completely Tjf’nearly dissolved, when the solution and 
crystals are drawn into the measuring tube by cautiously opening the 
tap and lowering’the levelling tube; the cup is washed out with J or at 
most I c.c. of water, and about 15 c.c. of strong pure sulphuric acid 
admitted to the tube. If too much water is employed, that is, more 
than il c.c. in all, the sulphuric acid is rendered too dilute and a 
persistent froth containing basic mercuric sulphate is formed, which 
^causes' difficulty in reading. The reaction is brought about by 
"thoroughly shaking the acid solution with the mercury. The levelling 
tube is then placed approximately at its correct height so as to avoid 
anyyreat difference of pressure and consequent error .owing to leakage, 
and the appar*us allowed to cool for at least half an hour. The tubes 
are then accurately Icvejled, allowing, oue division of mercury for each 
six and a half divisio*n.s*occupied by the acid solution in the measuring 
tube, and the gas volume rfad off. To test whether tie^gas is actually 
under atmospheric pressure, a few drops o^ sulphuric acid are poured 
into the cup, and allowed to flow into the measuring tube by cautiously 
opening the tap as described on p. 80. ' ^ 

The temperature and barometric height are read at th6 same time, . 
and the gas volume reduced to o" C. and 760 mm. pressure by means of 
the table’s*. Each l c.c. NO correspoifds to 0-0037972 g. I^aNO^; the 
total wl^me -r divided by the weighjt a taken jind multiplied by 100 

• • “ ^ ^ 0'^Q72.t' 

gi^es the percentage content, which is thus =- J- " ■. * ^ 


2 H 
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The nitrometer must, of course, be accurately graduated, and the 
/)perator should sa-tisfy himself that the readings are correct. 

By this method it is easy to obtain results /Agreeing to within 0-2 per 
cent. Still greaffer accuracy may be attained fHth practice, certainly 
to at least o-i per cent., by using a separate decomposing vessel and 
transferring, the gas to the''measuring tube. The manipulation is 
much cleaner when w'orking in this way ; also several decomposing 
vessels may be operated'at the same time and all the gas^ volum'fes 
read off in a sTdg'“ measuring tube. 

If a gas volumete’" be employed, the reduction tube must, of course, 
be set for dry gas, or if set lor moist gas, the operation must be carried 
out as described on p. 84, most conveniently by sucking a tiny drop of 
water into the gas measuring tilbe. » > 

Baskerville and Miller' have stated that mercury is attacked at 
ordinary temperatures by sulphuric acid of sp. gr. i'84 with the formation 
of sulphur dioxide, and that this may give rise to errors in hitrometric 
work. Pitman'* has shown that this objection is groundless, and this 
has since been admitted by the above authors;® they now stateP that 
such action only occurs with acid of 9^ per cent, str'ength and not with 
acid of 94 to 95 per cent., such as is generally used for laboratory 
work. " ' 

The view that the solubility of nitric oxide in the resulting solutions 
may lead to appreciable error has been disproved by Lunge,® Nernst 
and Jellinek,® Tower,® and by Newfield and Marx.® 

The Schlbsing-Grandeau-Wagner Method.® 

This method depends upon the reduction of nitric acid tc/ nitric 
oxide, which is collected and measured. 

The apparatus required for the determination consists of a flask of 
250 to 300 c.c. capacity, closed by a double-bored rubber stopper and 
furnished with a tap-funnel of 15 c.c. capacity. The lower end of the 
fun.nel-tube, which is fused together so as to contfact the outlet, reaches 
to the middle of the flask, but not to the solution. A tube, suitably 
bent to dip into a ^lass dish containing well-boiled water, passes 
through the second opening in the stopper Xnd serves as the exit-tube 
for the liberated gas. The measuring tube, which is preferably pro¬ 
vided with a glass t.-p at its upper end and graduated from the top 
downwards .m c.c., is supported above the dish in a clamp. Forty 
c.c. of ferrous chloride solution, containing 400 g. per litre, and an equal 

• Chem. Ceiitr., 1898/i., 85. 

3 Uid,, i8g8, I., 709. ^ Ibid., 1898, 11 ., 8g. 

* Ber.y 1885, 18, 1391; 1886, 19, III. Cnem, News, 1886, 53, 289. 

5 ftnorg. Chen^.^ 1906, ijg, 219 and 236. “ Ibid., 50,382. *. ' 

'7y. Amer. Chem. Soc., 1906,28, >'’ 77 - “ Cbiem. ZtU., 1883, 7 . 17*0 ; 1884, 8, 475. 
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volume of well-boiled lo per cent, hydrochloric acid, are introduced 
into the flask ^nd the contained air expelled from ,the apparatus by 
continued boiling, care b(|ing taken that the funnel-tube al\\iays^contains 
hydrochloric acid. VAihen all ^air ha% been expelled ihe gas exit-tube 
is placed in position below the measujing tube and lO c.c. of a normal 
saltpetre solution, containing exactly 33 pure sodium nitrate per litre, 
is introduced into the funnel-tulje. The tap iji then turned so as to 
aUovv thig solution to flow drop by drop into Uic^boiling ferrous chloride 
solution. When ajl but a sifial^volume has been in' )‘,^;cet' the funnel • 
is washed out twice with 10 per cent, hydrochloric acid, which, like the 
nitrate solution, is added drop by drop ‘to the boiling solution in 
the flask. The operation is finished whe'n the evolution of nitric oxide 
ceases. About 90 c.c. 0]' nitric oxide skould^result under the foregoing 
conditions. The measuring tube is removed and, supported by a small 
dish containing water, cautiously transferred to a correspondingly tall 
glass cyliiTdcr filled with water* A sacond measuring tube is then 
brought into position and, without interrupting the boiling, a measured 
volume of a solution of the nitre J;o be tested is introduced and treated 
as above described", and so on with a third, fourth, and further tests as 
required. When the several tubts have attained the temperature of 
the cooling water tHfe volume* ef nitric oxide in each is read off, after 
raising the tube so as to bring the water inside and outside to the same 
level. The contfint of each solution is obtained by comparing the gas 
volumes evolved from the sample and from the standard solution re¬ 
spectively. When carried out in this manner the method is very simple, 
and may be recommended ; it requires, however, careful manipulation. 

According to Liechti and Ritter,' who have thoroughly investigated 
Schlbslng’s method, good results are obtained even in the presence 
of organic matter, for which purpose it was originally worked out ; this 
has, however, bpen disputed by R. Pfeiffer.^ . 

. • 

• 

Method by Igniticfli with Potassium Chromate or with Silica. 

. \ * • 

To the dried o-8oocf {f. of substance used for the moisture determina¬ 
tion (p. 472) is added approximately 3 g. of a mixt'mo^pf equal parts 
of bichromate and neutral chromate of pptassium which has b'eeiVfused 
and finely ground when cool, and the whole heated, at first gradually 
and finally more strongly, till the mass m^^lts unfformly. The loss in 
weight = NoOf,. This method can only be used if the Sample is quite . 
free from^ alkali carbonates. An alternative method is to ignite a 
mixture oT 2 g. of the salt with about Seven times ite weight of ignited 
silica from carbonates, for from^two to four hours at a good red 
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Pauli “ recommends this method, but Alberti and Hempel ^ together 
with most other authorities do not consider it sufficiently trustworthy. 
The method cannot be employed in the preseppe of perchlorate. 

i. '.If, 

DETHR.MINATION of PEReilLORATE AND OF CHLORATE 

Sodium perchlorate is directly injurious in many of the applications 
of saltpetre. It occur.s in practically all shipments of Chili nitre, and its 
' presence must «Jway.s be taken into account' A method for its qualitative 
detection has been described on p. 471. 

All methods for the csti-mation of the perchlorate arc based on a 
determin?4ion of the chlorine' present as chloride in the sampb, the 
conversion of perchlorate to chloride in a second portion of the material, 
and the determination of the total chlorine then present as (;;hloride; 
the difference between the two tests represents the perchlorate. 

The conversion of the perchlorate ta chloride may be effected by 
simply heating for a sufficient length of time, whereby the oxygen of 
any perchlorate present is driven off. - 

Sjollema-* and Freytag * have giveividetailed instructions for carrying 
out the estimation on this principle. To quicken the reaction and 
to render the com[)lcte deoxidation of the perchlorate more certain, 
various additions have been propo.sed : lead shavings (Selckmann 
iron filings (Honig''), sodium carbonate (Forster’’), calcium hydroxide 
(Blattncr and Brasseur'’). 

Krck” proposes to decompose the chloride first by boiling with 
nitric acid of .sp. gr. i'4, and alcohol, and then to convert the perchlorate 
into chloride by ignition. 

\Vinteler“ has pointed out various sources of error in the earlier 
methods. He finds that fuming nitric acid will quantitatively reduce 
perchlorate to chloride at 200' in a sealed tube. Any chloric acid 
originally present must, however, be removed by evaporation with 
hydrochloric acid. 

Various authorities recommend an addition "of native peroxide of 
manganese (pyrolusite) for the better decomposition of the perchlorate. 
This was first pjoposed by Hellich.’' Ahrens and Hett’’ heat the 
nitre t*o fusidn"'and redness with sodium carbonate and chlorine-free 
manganese dioxide, to facilitate the decomposition of the perchlorate, 

L 

' J. Soc. Ch^m, hn\ 1897, 16/494. " C,hem.^ 1893, 5. 103. 

Chem. '/.at., 1896, 20, 1002. 

* C/iem. Cetilr., 1898, I., 1203 ; Z angetti. Chtrn,, 1898, II, 1021. 

^ an^eiii. Chiv;,., 1898, ii, loi. " Chtnu Zfit., 1903, 27, 32. 

Ihiii., 1898, 22, 357. ^ liiiiL, 589. 

” Ibid., 1897, 21, 21. ' ; l{nd.^ 75. 

y Chem. Zeil.^ 1894^18, 485. 

Chem. Cefttr., 1898, II., 5^8 ; Z . angew. Chem., 1898, Xl, I02a 
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treat the solu^on of the melt with nitric acid ajd potassium per¬ 
manganate to permanent coloration, and determine the. chloride by 
Volhard’s method. 4 » * 4 

C. Gilbert {Methoden sur Bestinuj^ung des Perddorats, Tubingen* 
1899) gives the following directions foi carrying out* the pyrolusite 
method: — Twenty-five g. of nit|c is dissolved.in water, made up to 
250 c.c., jnd the chloride determined by titrating 50 c.c.^of the filtered 
solution with silYer nitraitfe c.c. = 001 g. NaCl,V .ind potassium* 
chromate (see p. 73). A second 25 g. of the mtre, preferably after 
the addition of 2-5^gj^of the purest po\#dcrcd pyrolusite (Merck's), 
is heated for half an hour at 540° in ah air-bath in’ a nick«l crucible 
fitted with a deep concave ]id, and hating a capacity of 70 c.c. The 
aqueous solution of the melt is then ipade up to 250 c.c., filtered, and the 
chlorine again determined as above. The air-bath recommended is that 
designed By Lothar Meyer; it*will hold from three to six crucibles,and 
should be fitted with a gas regulator and a Le Chatelier pyrometer or 
thermometer reading up to 570!. Dupre‘ proceeds in es.scntially the 
same manner, orflitting the pyrolusite, but heating 20 g. of the 
sample for one hour at 545° in 5.n air-bath of the type recommended 
by Gilbert. Insteafl of a py^meter, a covered nickel crucible may 
be used in which is placed a platinum crucible, resting on a layer of 
asbestos paper,*and containing about i g. of potassium perchlorate. 
By observing, after the completion of the heating, whether the residue 
in the platinum crucible fuses without any appreciable evolution of gas, 
a gauge of the temperature employed is obtained. The chloride may 
also be determined by Volhard’s method (p 74), or gravimctrically. 

Sh’ould iodate be present, Ahrens and H. Gilbert effect the fusion 
with addition of sodium carbonate. Twenty g. of the dried nitrate is 
thoroughly napistened with 2 to 3 c.c. of .a concentrated solution 
of sbdium carbonate, i g. oj' pyrolusite added, the piixture dried and 
maintained ir# a state of fusion at a low red heat for fifteen minutes. 
The solution of the mcl^ is then oxidised with potassium permanganate 
solution, and the chlorttfe determined by Volhard’s method. 

Sodium chlorate as well as perchlorate has, been detected in Chili 
saltpetre, and methods ior its estimation have been ^visdtl. In 
the examination of 107 samples of nitre, Marcherfound the per¬ 
centage of perchlorate present to vary from 0-27 to 5-(i)., with a mean 
value of 0 94 per cfnt., and in addition o-1 to l o [fer ceift. ®f chlorate, as, 
determined by the method then in vogue. The presence of perchlorate 
is regarded as objectionable in nitre intended for agricultu*ral purposes, 
and ajthough the practical investigation into the extent of the injury it 
njpy"cause has not yet be'en conclucied, it has been suggested that the 
maximum quantity to be allowed should nqj exceed ii*per cent. • 

* J. Sac. Chem. Ind., I901,.2I, 825. “ Ciem. Cenlr., 1898, U., 925, 
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Mennicke' estimates a mixture of chloride, chlorate,^nd perchlorate 
in the following manner, {a) The nitre is ignited with addition of alkali 
hydroxide or carb mate to convert all the chlorine c ompounds to chloride, 
iV'hich is determined. (/;) Chloride and chlorate are estimated by gently 
boiling 5 g. of the nitre with lo g. of zinc dust (free from chlorine), and 
150 c.c. of I per cent, acetic acid for half an hour, filtering and determin¬ 
ing the chloride, (c) The. chloride originally present in the nitre is 
determined directly. Thi.s method has,sh6wn the presence of appreci¬ 
able quantities of chlorate. 

Blattner and IJrasseur- treat a solution of 5 to 10 g. of the nitrate 
with e.xcoss of sulphurous acid, either as gas or in solution, thereby 
reducing only the chlorate and not the perchlorate, drive off the excess 
of sulphur dioxide by boiling, and saturate the warm solution with 
calcium carbonate. The chloride is estimated in the cold filtered 
solution in the ordinary manner, and the chlorine present in the sample 
as chlorate is obtained by deducting from this value that of the chloride 
originally pre.sent in the nitre. The total chlorine is determined by 
igniting the saltpetre with calcium hydroxide as dcucribod above, and 
the perchlorate arrived at by difference. 

Arnould ^ has described the following iivethod, V^hich is employed in 
the French Government laboratory. The chloride originally present is 
precipitated by the addition of neutral silver nitrate solution and filtered 
off; the chlorate in the filtrate is reduced by warming thi.s to go°, and 
adding an excess of lead nitrite, prepared by simply shaking lead nitrite 
with water and without filtering; any cloudiness due to the nitrite 
is removed by the addition of a few drops of dilute nitric acid. If any 
opalescence persists after this treatment, chlorate is present, and the 
amount is estimated by comparison with similarly prepared solutions 
to which known quantities of chlorate have been added. For the 
French powder factories it is specified that the nitre must contain less 
than o-or per cent, chloride, 001 per cent, chlorate, and o-i per cent, 
perchlorate. 

Lemaitre^ reduces the perchlorate by fusion'with sodium sulphite; 

this method has been improved by Tschernobojew,'' who has shown 

that chlorafecan be determined simultaneously. 

♦ 

CONTROL OF^ WORKING CONDITIONS 

‘ The process control in the manufacture of nitric acid consists essen¬ 
tially in the .determination of the yield and of the quality of *^hc nitric 
acid. In addition, care must be taken that no nitrogen oxides escape 

' Chem. y.ttt. l8y8, 22 , 117. - Ibui,, 1900, 24, 79J. 

^ Mem<^xal dtsyoudres et 

* ^ Monti. Sctenl.:, 1904, a. 3 , 2^3; Chem. Centr.^ 1904, I., 1427 ' 

® Chem. Zeit.^ ^,442. 
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into the chimney or into the atmosphere ; the tests applied are similar 
to those emplc^ed in thj sulphuric acid industry (c/l*P' 4o6). •' 

The bisulphate dr^wn fronj the retort must also Ijc examined; this 
is done in the following manner:— ’ • 

1. Free acid is estimated by titratfon with normal sodium hydroxide 
solution. In the presence of considerable amounts of irort oxide or of 
alufnina no indicator is added, ai!d the titration is considered finished as 
soon as the first signs of a,i»ern1anent flocculenf precipitate appear, • 

2. Nitric acid may be determined in the nitromAer or gas volumeter 
as in the nitrometric method for the estimation <Ji saltpetre. . The acid 
sulpli^itc is dissolvc'd in the minimum quantity of water iu th^cup above 
the tap, and decomposed with a large .excess of .sulphuric acid (pp. 79 
and 82). Since the quantify of nitric acid "present in acid sulphate is 
always small, a nitrometer with a narrow measuring tube as used in the 
examination of acid.s, or witji a central bulb (Fig. 27, p. 81), should 
be employed. 

• . 

AMMONIA OXIDATION PROCESSES 

• 

In these processes ammonia is oxidised by the oxygen of atmos¬ 
pheric air, with the aid of a catalyst, to nitric oxide, which is then 
further oxidised so as to become ultimately nitric acid or a nitrate. 
Under certain conditions some of the ammonia may escape oxidation 
altogether, and some may be oxidised only so far as to produce 
nitrogen. For the control of the proccs.s it is necessary to know what 
percentage of the ammonia introduced is actually converted into 
* oxidised nitregen. This is ascertained by an examination of the 
mixture of air and ammonia introduced into the plant, and of the 
ga.scs after pa’ssing the catalyst. 

•Methods ^f analysis h^ve been described by F*ox^ and by Taylor 
and Davis," but a ccnsidtrable simplification was made by Gaillard,® 
who weighed the gBsi;s\cxamined in.stdad of measuring them. 

The determination rests on the principle that, if all the ammonia 
is converted into oxidc^ of nitrogen, the pbreenm*^ iy. wgight of ’ 
nitrogen in the form of oxides in thd c*'" ga.ses will be equal to the 
percentage by weight of nitrogen hi the foriji of ammonia in the 
entrance gases. Jf oiriy a portion is eonvert*!, th(j ratio of these 
percentages will be a measure of the efficiency of the conversion. ' 

Gaillftrd’s description of his method is as follows:—F’ciir glass bulbs 
(the determinations being made in duplicate) of 500 to 600 c.c. capa¬ 
city? "aftd weighing each. 60 to 8o»g., with gas-tight stopcocks well 

1 / Ttf/.1917,9, 737. ^ • 

/i 5 ;c/., 1917, 9, no6. • ^1919, 11, 745. 
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greased, arc evacuated to a pressure of about 2 cm. of mercury, care- 
ftilly wiped outside, and weighed. A check weighing fs made after a 
minute of so to mjike sure that there is no lcakag^e. Leakage can also 
be detected by inverting'the bulb and allowing the small quantity of 
water remaining from the previous test to run down into the glass tube 
of the stopcock, when tjie slightest leak will show itself by air bubbles. 
As soon as possible after, the Weighing, the bulbs are connecteo to 
■ short glass sampling tubes of small bore •■by means of tight rubber 
tubes; over the glass tubes are stoppers which fit tightly into the 
sampling holes of theionvertifr (Fig. 204). The bulbs are now adjusted 
^ . to the sampling holes, and are kept ,|there 

about Ijalf a minute before the samples are 
taken, to bring tfie tubes to the same tem- 
2ZZ2Z^ jy ///A perature as the gas. The samples are then 
taken ,^s rapidly, as possible, with-istopcocks 
opened wide, to prevent moisture from con¬ 
densing in the tubes. This is of sppeial 
importance in f.he exit sample because of the 
(W water formed«in the reaction. The bulbs are 

■1°"' disconnected .from the sampling tubes, 
^ wiped, allowed to remain near the balance 

J \ case for five minutes, and weighed. The tube 

of the bulb containing an entrance sample is 
/ \ immersed in distilled water and the cock 

/ \ opened ; as much water as will is allowed to 

I I enter and the stopcock closed. The bulb 

l / is then shaken for a minute to absorb the 

\ / ammonia. The tube is then applied to the 

N, y mouth, the cock opened and air blown into 

the bulb, and the cock closed again. The 
' contents of the bulb arc then discharged into 

25 c.c. of N\\o sulphuric acid accurately measured'from a burette into a 
600 c.c. beaker. The bulb is washed out three times and the washings 
added to the liquid in the beaker, water being introduced into the bulb 
each time b> fhsi^sucki'ng air out. The excess acid in the beaker is 
' then titrated, using methyl rbd as an indicator. 

Into the bulb containing an exit sample about too c.c. of water is 
introduced, c^re, being taken' not to introduce any air. Then about 
25 c.c. of oxygen is drawn in from any convenient reservoir, the bulb 
is shaken for<n minute, and allowed to stand for at least anothe'i’minute. 


Any vacuum remaining is then relieved by opening the stopcock to the 
air. The cock is then.closed and' the bulb-shaken for five minbtes. 
The liq'uid in the bulb and three subsequent u^ishings are then 
transferred to a 600 c.c. beaker containing 15 c.c. of N\\o sodium 
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hydroxide dili^ed to about 75 c.c., and titrated, usjng methyl red as 
indicator. It i?preferable to finish both titrations in the sajne^irection, 
by adding in the secc<rd titration aif excess of acid, *nd titrating back 
with A'/io alkali. ^ * 

A representative calculation is given js follows:— * 


EntraJice Samples. * 


• ^ 

* • hiilb 1. • 

Bulb 2 . ^ 

Weight of bulb ayd sample* .1 . 

63*1^0 

69-0565 

Weight of bulb.^ . 

62-5025 

68-4605 

Weight of sample .. 

0 - 657 ;- . 

0-5960 

Standard acid used. 

21-05 C.C. 

^18-95 C.C. 

• 

• • 

721-05 X 0-0014 

1 0 'b 575 

1 = 4 - 4 S 

18-95 xo-oor4 

Per cent, combined nitrogen . . . . 

0-5960 


= 4-45 

Exit 'Samples. 


Bulb 3 . 

- Biilli 4 . 

V^eiglit of bulb .and sample . * . 

. 75-0775 

67-6830 

Weight of bulb .* . . . * . 

74-4865 

67-0580 

Weight of sample , , ... • . 

0-5910 

0-6350 

Standard alkali used . . * . 

17-23 c.c. 

18-30 C.C. 


/ 17-23x0-0014 

18-30X0-0014 

Per cent, combfned nitrogen . . . . 

J ■ ' o- 59 'i 6 

0-6250 


1 = 4-08 

= 4-10 


Kfliciency of conversion 


4 '^ 

4-47 


cji '6 per cent. 


Amingnia remaining unoxidiscd is usually very small in amount; but 
it can be estinvited by colorimetric methods in the neutralised liquid 
from the exit samples, and the re.sults modified accordingly. 


NITRIC ACID 


Pure, ab.solutc rntnii acid, UNO,, is very difficult to prepare, and 
scarcely keeps any length of time, owing to the liberation of oxygen with 
formation of nitrogen peroxide, which latter causes the*coTDiirlefis acid 
to turn yellow or, with larger quantities of nitrogen peroxide, red. The 

boiling point is 86°^ the *pecific gravity" at.-?,- slightly aBove 1-52. 


The hydrates of nitric .acid have been especially studied by Kiister 
and KreSlann.' • , • 

The strongest commercial acid has, when pure and almost free from 
nitrogen pcro!cidc, a sp. gr. of 1-50 of slightly higher, corresponding to 
to 95 per cent.'HNO,,. It begins to boil a little*above ^6°, the 

^ anorg. Chem.^ I9if4, 40, j. 
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boiling point rising as distillation proceeds, as more acid than water 
distils over, until 120-5° <s reached, at which tomperatifre an acid con¬ 
taining C'8-9 per-cent. HNO3, and havhig a sp.- gr. 1-42, distils over 
unchanged. Weaker acids have again a lower boiling point, and yield 
on distillation, with a continual rise in temperature, more water than 
acid until the boiling point 120-5" attained, when acid of the above 
composition distils over. 

Lunge and Key’s ^ investigations into the relationship between the 
specific gravity and percentage content of nitric acid solutions have led 
to the older tables, such as that of Kolb, being superseded. The 
following-itabie is based on their researches. The specific gravity 
determinations made by WiiiFteler- have been shown to be unre¬ 
liable by Lunge,'* by Veley and Manley,* and by Piitzcr.'' Values 
agreeing with those of Lunge and Key within, at the outside -uLt (-il-ir 
in one case only), have been obtained by Veley and Manleys" who add 
that greater concordance is scarcely to be expected between different 
ob-servers employing different methods. 

An additional table (p. 493) for-correcting the specific gravity 
obtained at higher or lower temperatures to the normal value, viz. the 
specific gravity of the acid at 15”, compared- with wdterat 4" as the unit,’ 
is also given. 


Table of the Specific Gravity of Nitric Acid of various strengths 
at 15" C. referred to 'Water at 4 C. 


Spec. 




lot) Tarts by Wdight cuiilaiu 


1 Lilio cunUititi k^. 


(Jrav. 

at 

Ifj’ 

t ■: 





Add 

A('id 



Acid 

Acid 

Add 

(ta 

ixtciio). 



N ifV- 

UNO,; 

of 

30 li 

(If 

40 H 

of 

4bl'U, 

NnO,. 

UNO;,, 

(.( 

3(. U. 

of 

40' U.- 

of 

4Si' Jl. 

l-OOO 

0 

0 

0-08 

0*10 

0-19 

0*10 

0*10 

(l-oof 

0-001 

0*002 

0*002 

0*001 

1 •OO.'i 

0-7 

1 

0*85 

1-00 

1*89 

1*01 

1 *03 

(TJ08 

0*010 

0*010 

0*016 

0*010 

I’OIO 

1*4 

2 

1 ‘(i'J 

1*90 

3*60 

5*30 

3-07 

1 *95 

o'-oic 

0*019 

0*030 

0*031 

()'019 

1*015 

2*1 

3 

2*39 

2-80 

4 •.52 

2*87 

1) 024 

0*028 

0*053 

0*045 

0*0*29 
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0 

4*71 

5*50 
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8*88 

5*64 
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7 

5*47 
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8 
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7-2« 

13 ■75' 
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0‘142 
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0-077 

1 ■045 

» i *0 

? - 

n*97 

8*13 

l'o*40 

13*13 

8 *.34 

0 073 
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0*161 

0*137 

0-087 

n *050 

6-7 

10 

7*71 

8*99 

17*03 

14-52 

9*22 
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0*094 
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0-102 

0*096 
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7-4 

11 

8-13 

9*84 

18*04 

15*89 

10*09 

0*089 

0*104 

0*197 

0*108 

0-107 

1*000 

8*0 

S2 

9’15 

10*08 

20 23 

17'25 

10*95 

0 097 

0*113 

0*214 

0*182 

0*116 


1 Z. angrw. Chem.^ 1891, 4, 165 ^ Chem. 1905, 29, and I'oogv 

“ /lit'/,, 1905, 2g, 689 and 1072. * /W., 1905, 29, icyo- 

• ^ /kd., 1905, 29, 1221. . ^ J. Sor. Chtm. htd.^ V903, 22, 1228. 

Cf. Fuchs, who has published a detailed table, angew, Chem,^ 1898, ll, 747. 
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Table of t^e Specific Gravity of Nitric Acid,*etc.— Continued, j. 
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0-236 

0-447 
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30 
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0-324 

1-170 

20-9 
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0-325 
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0-345 
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22-0 
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30-13 
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0-315 

0-367 

0-095 

0-593 

0-376 

1-195 

23-5 

39 

27-10 

31-1)2 

59*89 

51-07 

32-43 

0-324 

0-378 

0-716 

0-610 

0-388 

1-200 

24-0 

40 

27-74 

32-36 

61-29 

52-26 

33-19 

0-333 

0-388 

0-735 

0-027 

0-398 

1 -205 

•24-5 

4L 

2S-36 

33-09 

02-117 

53-23 

33-94 

0-342 

0-399 
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0-498 

1-250 

-28-8 

50 

34-W 

r)»-82 

75 ■42 

64^11•l 

40-84 

0-427 

0-498 

0-943 

0-804* 

0-611 

1-255 

29-3 

61 

34-78 

^0*58 

76-86 

65-54 

41-62 

0-437 

0*509 

0-965 

0-822 

0-522 

1-260 

29-7 

52 

35-44 

41-31 

78-30 

6()-76 

42-40 

0-447 

0-521 

0-987 

0-841 

0-534 

1-265 

30*2 

53 

36-00 

42-10I 

79-74 

67-99 

43-18 

0^57 


-1:009 

0-860 

0-647 

1-270 

30-6 

54 

36*75 

42-87 

81-20 

69-23 

4 3-97 

0-467 

0-514 

1-031 

0-S70 

0-658 

1-275 

31*1 

55 

37*11 

43-64 

82-65 

70-48 

44-'/^ 

0-477 

0*550 

1-054 

0-898 

0-670 

1-280 

31-5 

56 

38*07 

41-41 

81-11 

71-72 

45-55 

0-48i 

0-568 

1-077 

0-918 

0-683 

1-285 

32*0 

57 

38*73 

45-18 

85-57 

72-90 

46*34 

0*4[lv 

0-58U 

1-100 

0-938 

0-596 

1*290 

32-4 

58 

39«9 

45*96 

87-03 

74-21 

If 13 

0-50« 

0-59J^ 

1.-123 

0-957 

0-608 

1*295 

32-8 

69 

40-05 

46-72 

88-48 

75-45 

47*92 

0-519 

0-605 

1-146 

0*977 

0-62* 

1*300 

33-3 

60 

40-71 

47-49 

89-94 

70-70 

48-71 

0-529 

0-617 

1-169 

0*997 

0-683 

1 -305 


61 

41-37 

48-26 

91*40 

77-94 

49-50 

0*540 

0*630 

1493 

1-017 

0-046 

1-310 

34-2 

62 

42-06 

49-07 

92-94 

79-25 

50-33 
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1*294 

i;i03 
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85-27 
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V Table of the Specific Gravity of Nitric Acid, Continued . 
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1-518 



85-26 

99-46 

188-37 

160-63 

[ 02-01 

1-294 

?;510 

2-860 

2-439 

1*’^49 

1 - 61 » 



85-35 

99-57 

188-58 

160-81 

[ 02-12 

1*296 

l-5i2 

2*864 

2*442 

1-661 

1-520 

49-4 

104 

85-44 

99-67 

188-7? 

160-97 

102-23 

1-299 

1*515 

2-869 

2-447 

1-564 
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t 

Table for the Correction of the observed Specific Gravity of Nitric 
Acid for differences of Temperature between 13° and 17° C. 


Rpecillc 9 

Corrccti^fn for 

0 

8)n>cific 

/- 

Cirrpctlon for 

Gravity. 

r. 

Gravity. 

f 

S:r. 

1-000—1-020 

+ 0-0001 

l-Sth—1-310 

• 

+ 0-00 JO 

1-021—1*010 

0-0002 , 

1-311 —1-350 » 

0-0011 

1 -on— 1-070 

0-0003 

i-slii-iosor, 

0-0012 

1-071—1-100 

0-000.1 

1-3G6—1-100 

0-Q013 

l-ioi—1-130 

• <5-00qf. 

1-401—1-43.1 

0-0014 

1-131 —1-foi 

0-0006 

1-136—I'-l 90 

0-0015 

1-102—1-200 

0'0(J((7 ■ 

1-491—1-500 

, 0-0016 

1-201—1-215 

0-0008 

l-501-*-l-520 

0-0017 ■ 

1-240—l-28tl * 

0-0009 

« 

/ 


riuSjtable has been worked out for pure acids, and the values do 
not apply absolutely to observations made on commercial acids, which 
are never pure. Such difference.^ may be considerable in the case of 
commercial nitric acid, owing to l^ie presence of lower oxides of 
nitrogen, generally calculated to .nitrogen peroxide, The influence of 
nitrogen peroxide‘on the specific gravity has been observed by many 
investigators,' but no method has been devised to allow for its effect 
when present. Lufige and’Marchlcwski" have shown that Ilir.sch’s 
view, that 1 per cent, of nitrous acid corresponds to an increase of 
o-oi in the specific gravity, is untenable. Their observations gave the 
following results for the strongest commercially important acid. 

Specijic Gravity of Initial Acid 1.4960 at 15 /4" (in vacuo). 


pL-r I'liiit. 

Alturiitiot) of Ihd 


Alteration of tlio 

NuO^ 

JK': cent. 

Altoratiun of tlin 

(irju’ily 
\9y NjO.j 

pur ft'iit 

Speoitlc Gravity 
by !* 

fSpi’cific Gravity 
by Nuf)., 

0-25 

»-ooo:>o 

4-50 

0-02875 

8*75 

0-05825 

ir-50 

0-00075 

4-75 

0-03050 

9-00 

9-2d 

0-06000 

•0-/6 

0-00150 

ofio 

0-03225 

0-06160 

1-00 

^-00300 

5 -25 

0-03365 

9-50 

0 06325 

1-25 

0-00175 

5-50 

-0 03600 

9-75 

0-00500 

1-50 

0-00675* ^ 

; .5-75 

0-();i775 

10-00 

0 06600 * 

1-75 

0-00775 

6-00 

0-03950 

10-25 

0'00815 

2-00 

0-01050 

6-25 

0-01176 

10-50 

0-06975 

2-25 

0-01250 

•6-50 

0-04300 

• 10 - 7.5 .. 

"0 /135 

2*50 

0-01425 

6-75 

0-0-1475 

11-00 

6-o7.foo 

2-75 

0-01625 

7-00 

0-01650 ' 

1 i-25 

0-07450 

3-00 

0-01800 

7-25 

0-04720 

11-50 

0 07600 

3-25 

0-01985 

7-50 

0-f)5000 

Tl-75 . 

0-07760 

3-50 

0-0216ft 

• 7-75 

0-05165 

>2-00 • 

* 0-07850 

3-75 

0-02350 

8-00 

0-05325 

12-25 

0-08050 

4-00 

0-02525 

8-25 

0-05500 

12-50 

0-08200 

4 -25 *• 

0-02690 

8-50 

0;05600 

12-75 

• 0-08350 


* ioriflg Jacktfon and Wing, Zcit . 1887, ll, 2^^ ; and, R. llirsch, Chem. '/.eit.y 

ittS, 12, gii. ^ 

Z.angaw. 5, 10. 
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The following example, dealing with nitric acid containing nitrous 
acid, will illustrate the use of these tables. A sample of nitric 
a'lld was^ found to contain 2-93 per cent. and to have a sp. gr. 
of 1-4994 at 20°.' Froin the tabVe on p. 493,1 which may be used 
without hesitation for temperatures lying somewhat below 13° or 
above 17°, it will be seen that the specific gravity becomes, at 15°, 
i -4994 + (o-ooi6x 5)= 1-5074. Accorejing to the table on p. 493, o-Oi8o 
must be deducted from this weight, for the 2-93 per cent, (or in round 
'figures 3 per cent.) N^O^. This gives, therefore, a sp. gr. for the pure 
acid = 1-5074 —0 0180= 1-4894. Foi; this value the round figure 1-490 
is taken from the table on p.’492, giving 89-60 IINO3 as the percentage 
of the sample. I'f instead of this value, which takes account Of the 
N3O4 present, the value (1-5074) obtained by simply correcting for 
temperature had been taken, the percentage of nitric acid foun,!l would 

have been given as ’ 3+97 5 ° _ Qy.ji obtained as the mc?n of 1-507 

with 97-13 ner cent. HNO3 and 1-508 with 97-50 per cent. HNO3; 
that is, instead of the correct value 89-60 per cent., the erroneous value 
of 97-31 per cent. 

In the application of these high Strength nitric acids to nitration 
it is customary to regard the whole cl'llie N.T), as inactive, and 
the table (p. 493) is calculated from this standpoint. It might in 
many cases be more accurate to regard half of the nitrogen peroxide 
as active, according to the equation :— 

NjOj + HjO-IINOj + MNO... 

A much smaller deduction should then be made, and for this a 
special table might advantageously be drawn up. 

Lunge and Marchlcwski have endeavoured to prepare similar 
tables to make allowancb for the nitrogen peroxide present in nitric 
acid solutions of-two lower strengths (sp. gr. 1-4509 and 1-401-8), 
which are included in the range of commercial acids. They were not 
able; however, to obtain concordant results, apparently owing to the 
partial or complete conversion of the nitrogen peroxide into nitrous and 
• nitric acidstables are still less possible for weaker acids {cf. 

‘ P- 495 )- 

Estimation of Nitrogen peroxide —This estimation for the 
correction to be applied to the specific gravity^^ reading of high 
strength nitric acid solutions {cf. p. 493) is carried out as follows:— 
The acid is qllowed to flow slowly and in small quantities a,t a time, 
from an accurately dalibrated burette, into a measured volume of semi¬ 
normal potassium permanganate .sqlution (15-803 g. KMn,P4 pe.r litre), 
warmed to 40°, until the colour disappears. The acid should be allowed 
to Stand for som'e time in the burette before the titration is made, until 
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it has attained the temperature of the room as measurfed by an 
accurate therrjometer; this is indicated by the volume remaining 
constant. The Haurette should be graduated in c.c., and it shouM 
be possible to read v.iith certainty to o-oi c.c. The, number'of c.c. of 
acid required to decolorise the permanganate solution, multiplied by 
the sp. gr. corre.sponding to the room’ tepipcrature, givos the weight of 
acid used, from which the percentage content irj N.O, is ’calculated in 
the manger described under the examination of riitrous vitriol (p. 413). 
Each I C.C. NI2 pcrmangaijiftc Solution corresponds to 0*02300 g. N„ 0 ,, ;* 
thus with a consumption of n c.c. permanganate, aifcl in c.c. of the acid 

under examination, the content in N., 0 ’= g. per cc. The 

• '• ‘ ^ ' 

estimation of the three nitrogen acids i/i admixture is described in the 

section on Sulphuric Acid (p. 410). * 

The Total Acidity is generally determined in practice by the hydro¬ 
meter only, notwithstanding the great upcertainty inseparable from the 
method in this particular case {cf. p. 49^). It may, of course, be determined 
by titration, and this should be .done in all important sarnples. This 
estimation can be carried out without difTiciilty in the case of slightly 
fuming acids, cither by pipetting- a quantity of the previously diluted 
acid or, preferably, hy weighmg out a portion of the concentrated acid 
in the bulb-tap pipette u.sed for fuming sulphuric acid (Fig. 201, 
p. 463). In titrating, attention must be paid to the destructive action of 
nitrous acid on methyl orange. In the case of strongly fuming red 
acids, even the method of weighing in the special pipette fails to give 
satisfactory results, owing to the impo.ssibility of completely washing 
out the nitrogen oxides, especially nitric oxide, which are continu¬ 
ally cVolvcd from the strong acid. On this account the following 
directions given by Lunge and Marchlcwski should be adopted:— 
10 c.c. of the pcid is allowed to drop slowly, preferably from a burette, 
into'icc-cold water, the solution made up to 100 c.c., and an aliquot part 
titrated with a very accurately prepared standard sodium hydroxide 
solution. * _ ^ 

The percentage ’of»t*otal nitrogen acids may also be determined in 
the nitrometer, employing the bulb form (Fig. 26, p. 81), so as to 
accommodate the large volume of nitric o.xide cvolve(j.’'“'The .test is 
carried out exactly as described under tl^ analysis of saltpetre, the 
quantities taken being i c.c. of the, acid, measured in an accurate 
pipette, and 10 etc. of concentrated siflphuric»acid. . ,This method 
is, however, only employed in samples in which a large proportion of 
sulphuric’ acid is already present, as^ for example, in nitrating and 
spent.acids. 

Other Tfests .—Fixed • residue. 'This consists chiefly of sodium 
sulphate with smalf^uantities of oxide of iron, etc., and,is estimated by 
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evaporatiri'g 50 c.c. of the acid to dryness in a place protected from dust, 
igniting, and weighing. s 

’■> Krauch^ states that 10 g. of pure nitric acid i/nould leave, on 
evaporation in a porcelain dish, onry a very minut,e and scarcely weigh- 
able residue; on an average he obtained a residue of from 2 to 3 mg. 
from 50 g. of pure concentrated acid. 

Sulphuric^ acid (Krauch); 10 g. is evaporated to about l c.c. in a 
porcelain dish, the residue dissolved in 30 c.c. of water, the soluticji 
‘transferred to a beaker, heated, and barijum”cl'loride added. No sign of 
a precipitate shoufo appear in the case of acid, nitric, pur., even after 
standing for some time. j. 

In carrying cut this test,^ it is necessary to bear in mind that 
the presence of strong nitric., acid retards the precipitation; the 
greater part of the nitric acid mirst cither be removed by evaporation 
or nearly neutralised by the addition of chemically pure sodium 
carbonate. 

For the quantitative determination of sulphuric acid the solution 
is rendered nearly neutral by the addition of pure sodium carbqjiate, 
and precipitated by barium chloride as described on p. 368. If the 
acid leaves an appreciable residue on. evaporation, this must be taken 
into account, as it consists mainly of sodiiup sulphate. 

Chlorine. (Krauch): 50 c.c. of distilled water to which a few 
drops of silver nitrate solution have been added should show no 
change on the addition of 5 to 10 c.c. of “ pure ” nitric acid. This 
method of carrying out the test removes any uncertainty which may 
arise should the distilled water employed not be absolutely free from 
chlorine. 

For the quantitative estimation, the acid is neutralised' with 
chemically pure sodium carbonate and titrated with .silver nitrate 
solution; a very slightly alkaline reaction is not prejudicial. 

Heavy metals and alkaline earths (Krauch): 20 g. is diluted with 
water and treated with excess of ammonia, ammonium sulphide, and 
ammonium oxalate. In the case ,of acid, nitric, pur., no darkening or 
cloudiness should be formed. 

Iron is detected qualitatively by adding potassium thiocyanate to 
the previously diluted solution; quantitatively, by supersaturating the 
* acid with ammonia, heating for some time, and collecting the precipitated 
hydroxide on an ash free filter. Traces of iron arc best determined 
colorimetricaUy. by means of potassium thiocyanate according to the 
'directions given by Lunge^ [cf. p. 179 et seq). 

Iodine. Krauch,,states that citric acid is coloured yellow” by the 
presence of ^ Ju per cent, of iodine, and that it may be identified by 

^ The Testing of Chemical Reagents for Purity^ trans, by II. B/L-tocks, 1919* P- 201* 

‘ ^ Z. angew. Clem,, 1896, 9, 3. ^ 
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shaking th« acid with chloroform (Biltz). A yellow coloration may 
also be due to*(^hlorine compounds, but is gcnerall)* to be ascribed tp 
the presence of lower r»itrogen oxides. The iodine is’noj usually 
present in the free sAte, but ds iodic acid dissolved ^n the nitric acid. 
The oxygen compounds of iodine, as well as iodine itself^are recognised 
by cautiously adding a very dilute solution of sulphurous jcid or a few 
drops of sulphuretted hydrogen wftter to 4 he diluted acid and extracting 
any iodine so liberated by carbon bisulphide,*oi‘tSsting by the addition, 
of starch solution* An exces^ of sulphurous acid#«r of sulphuretted 
hydrogen vitiates the reaction. • • 

An alternative method is to treat th^ solution witjs cli,emically pure 
zinc, which reduces the iodic acid, whilst the nitrous acid forified at the 
same time liberates io«linc«from the Tiydriodic acid produced. The 
solution«is then well .shaken with carbon bisulphide. 

According to the Pharmaceutical Commission of the German 
Apotheker-Verein,' iodine and Jbdic acid are tested for by shaking 
the acid, diluted with twice its volumS of water, with a smalbquantity of 
chlorSform; the solvent should n6t be tinged-violet even after the addi¬ 
tion of a small piece of zinc to the acid solution. 

Beckurts'-^ gives ^he following as the most delicate test for iodine 
in nitric acid ;—i c.c. of the ‘acid is boiled to remove lower oxides 
of nitrogen, and^ to oxidise all the iodine to iodic acid, and i c.c. 
of well-boiled water is then added, followed by a few drops of a 
solution of potassium iodide and starch in air-free water. A 
blue coloration indicates the presence of iodine in the original solu¬ 
tion ; a blank test made with the potassium iodide and pure acid is 
essential. 

• 

Examination ok Nitr.mtng and Si’EN-t; Acid.s. (Mixtukk.s 
OK Sulphuric Acid, Nitric Acid, t'l'O.) 

* 

Mixtures dT sulplyuric and nitric acids are prepared for coal-tar 
colour works and for.explosives factoilcs'for nitrating purposes. OiTthe 
other hand, waste acids are produced in these works, containing in 
addition to the original components (of which the greater ^jqjtion^ of the 
nitric acid has naturally been utilised) muejj nitrous acid and a small 
quantity of organic matter. Residual acids ^’hich contain large 
amounts of organic matter, and have' attained jherebj/ a tarry con¬ 
sistency, as for example the acids from the purification oT benzol and • 
petroleurq^ will not be considered. They contain no nityc acid, and 
may be very considerably purified from the tarry Aatter by dilution ; 
the ta/ra constituents consjst, in the plain, of pyridine bases, condensed 
hy*irocarbons, etc. • 

' Ara. Pharm.y 1887, 93. ^ts3ir\ Jah tsbu iSSfi, 305. 
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According to Guttraann, the average composition of spent acid is as 
fpllows;— ' 


t 

From 

Nilroglyccrink, 

/ 

From 

Nitroc«lliiloBe. 

From 

Nitroboiizono, 
I’lcric Acid, 
etc. 


TO 

' 10 

1 

ii.sq; . . 

. ■ 70 

80 

G5 

H.p 

20 

r W. 

84 

(1 

LOO 

100 

100 






No notice is taken ii; these data of dower nitrogen oxides or of 
organic matter. 

The following constituents are estimated in nitrating and similar 
mixtures:— 

1. Total Acidity.—Two to 3 g. is weighed off in the bulb pipette, 
allowed to flow cautiously into a large volume of water, and the' total 
acid estimated by titration with normal sodium hydroxide solution. 
Litmus may be used as indicator, but if so, prolonged boiling is neces¬ 
sary ; methyl orange may also be employea, notwithstanding the nitrous 
acid present, if the titration be carried out in the cold and the operation 
conducted as described on p. 449. 

2. Lower Nitrogen acids are estimated by allowing the acid to flow 

into a measured volume of potassium permanganate solution; the 
method is more fully described under the testing of nitrous vitriol (p. 413 ; 
cf. also p. 494). They may be calculated to HNO,, or N.^O;, or to NjO,. 
The lower nitrogen oxides contained in the strong nit’'ic acid consist 
mainly of N^Oj; on mixing with concentrated sulphuric acid this is con¬ 
verted into equimolccular proportions of UNO,, and of S02(01I)(0N0). 
Each c.c. of seminormal permanganate solution used correspond.” to 
0-02300 g. if therefore x represent,s the ijumber of c.c. of per¬ 

manganate taken, y the c.c. of acid required *0 decolori.se this, and r 
the specific gravity of this acid, then the N^O, content in g. per litre 

is equal to" ^ or in percentage by weight to ——. 

y r ys 

3. Total Nitrogep acids are estimated in the nitrometer (p. 78). 
The value found, le^s that obtained in determination (2), gives the 

• content of nitric acid, and the total acidity, less the total nitrogen acids, 
that of sulpljuric acid. 

Finch * has devised two methods for determining total nitrogen acids. 
In the first, 8g. is diluted to a litre, and 50 c.c. of the solution is treated 

.1 Z. fts, Sciitss^u, Spnn^Unjfv!.. 1912, 7, 13 and 337 ; J. Soc. Cm. /nil,, 1913, 31, 58 
and 1038. 
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with excess of barium carbonate. The excess, with the ptecipitated 
barium sulphate, is filtered off and washed. To th^e filtrate a known 
quantity, in excess, of sodium carbonate solution is added, the pffe- 
cipitated barium carljonate filtered toff and washed, iind the'excess of 
sodium carbonate in the filtrate determined by titration with aciS. 
The amount used is equivalent to the, nitric and nilTous acids. In 
the^second method the total acidity is deternained by (itration with 
Njio barium hydroxide and phenolphthaltim .The Ik^uid is boiled, 
some filter-pulp added, and fheiiarium sulphate filtered off and washed.* 
The filtrate is heated to boiling, aqd Ayj normal potassium chromate 
slowly added, till a^ drop colours the cleat liquict yellow, showing that 
the barium nitrate and nitrite have been' exactly deco’mposedi 

Wuyts^ uses a moclifierj Schloesirtg method, in which a weighed 
quantit}' of the acid, diluted with ^yater, is slowly run into a boiling 
acidified ferrous chloride solution, and the evolved nitric oxide collected 
and measiJred over water satifratsd with the gas. The volume is com¬ 
pared with that (approximately cqu.-l) evolved from a kno^n weight of 
pure*potassium nitrate, and hence the nitric jcid equivalent of the total 
nitrogen acids dSduced. The •method is aecurate, and very rapid 
when a number of successive determinations have to be made. For 
details of manipulaflon the ofiginal paper should be consulted. 

Planchon ^ has devised a “ Manonitrometer ” for this and similar 
purposes, whieh climinishes error by allowing the use of larger quantities 
of substance. A strong flask has a stopper which can be clamped 
quite tight with the aid of a rubber washer and is provided with two 
exit-tubes, one with a stop-cock, communicating with a water-pump, 
the other joined to a barometer-tube dipping into mercury and having 
a scale and vcj'nier. The flask is charged with 15 c.c. of mercury and 
50 c.c. of concentrated sulphuric acid, and a vessel containing a weighed 
quantity (about 2-5 g.) of the substance to ba analysed. It is closed, 
exjiausted, and the scale adjusted to the height of ihe mercury. The 
materials are* now shaken up till reaction is complete, the flask is 
immersed in water jof known tcmpcaatgrc, and the increase of pressure 
read when the merctify is steady. From the volume of the flask, 
temperature, and pressure^ the amount of nitric,oxide is calculated. 

4. Sulphuric acid. Two to 3 g. is weighed in the bulb-pipette 
(Fig. 201, p. 463), transferred to a small porcelain dish, and heated on the 
water-bath for a half ^o one hour, sf snjall quantity •of water being 
at the same time aifded to destroy all nitrosyl-sulp^uric a*cid. The heat-, 
ing is continued until on shaking the beaker all nitrous smell has dis¬ 
appeared. The removal of the nitric'acid is facilit*ted by occasionally 
blowing on to the acid and rotating the dish.. The contents are then 

• ' /• /»</., 1916,3S, 149. "• j • 

Ann. Cnitn. Anal.. 1915, 20, 189 ; /. Sif. dhun, Ind., 1915, 34, 1031. * 
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washed info a beaker and titrated with normal or Nj2 sodium,hydroxide 
and methyl orange,; this gives the sulphuric acid only. ■ 

’ Lunge and BerP have shown that this method gives low results, and 
they recommend the determination of the sulphuric acid by difference 
from the total acidity less the total nitrogen acids, as given above. 

The sulphuvic acid may rlso be determined by precipitation as 
barium sulphate, but the above method effects a considerable saving 
of time, as a large number of samples can be evaporated simultaneously, 
'and then only require to be titrated to oimfjkte the analysis. 
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THE MANUFACTI/RE OF SALTOAKE AND 
OF HYDROCHLORIC ACID 

• ’ • ■' ■ » 

By J. I. Dunn, D.Sc., Consulting Chemist, Newcastle-on-Tyne, 

anti thc^late Professor G. Cunge 

• 

A. BRINE.AND SALTWORKS 

• 

Brine is regularly tested by the hydrometer both at thf spot where 
it is obtained (bore-holes, etc.), amd in the \vorks where it is employed 
(saltworks, ammotiia-soda work.s, etc.). The temperature at which the 
readings are made should of course be .taken into account, and the 
accuracy of the hydrometef •ascertained. The method of checking 
hydrometers, together with a description of the errors usually found in 
these instruments, will be found on p. 118 seq. 

A saturated solution of sodium chloride boils at I09’4°, and contains 
at this temperature between 29-4 and 29-5 per cent, of the salt. 

The relationship between the specific gravity of salt .solutions at 
15" Cj and the percentage content of salt is given in the following table 
by Gerlach 


Hj'fCilu! (JriD'uy. * 

rnTroiibago 

NaCl, 

He'JCiIh’ Gravity. 

I’rrci’Ula'ji; 
NaCl ‘ 

Spdcitid (iiavity. 

• 

I’rrcf-ntagw 

NaCl. 

1 -OOl-Aj 

1. 

1-0733.5 

10 

1*14315 

19 

1-01450 

2 . 

1*08097 • 

. 1' 

1*15107 

20. 

1*02171 

•3.. 

1*08859 

12 

1*15931 

21 

1-02899 

4 

1*09022 

13 

1*10755 

22 

1*03024 

r, 

1*10384 


1-17580 

23 

1*04300 

() 

• l-llHl! 

l.S • 

1*18404 « . 

.21 

1*05108 

7 

1*11938 


1*19228 

25 

1*05851 

8 

1*12730 

1? 

1 *20098 

26 

1*00593 

9 

1*13523 

4 

18 

• 

• 1*20433 

• 

20*395 


H. C. Hahn* has more recently determined the specific gravity of 
solution^* of sodium chloride, reducing the values, to water at 4°, and 
observing all possible precautions. Owing to the very special refine¬ 
ments used in the determinations, th^y are hardfy applicable to technical 
conditions of worjr.^ ' • * . 


* y. Arner, Ckem. Soc.^ 1898, 20, 621 ; Wkem. Cenir.^ 1898, II,, 699. 
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^ Analysis of Brines and Mother Liquors 

The following,determinations a'e made :—'' 

1. Specific gravity,hy means of a densimeter or a hydrometer; in 
the latter case the hydrometer readings are reduced to sp. gr. by means 
of the table g-lven on 124. 

2. Total Chlorine (expressed as sodium chloride). Ten c.c. of the brine 
'•is diluted to 1000 c.c; of this 10 c.c., isi titrated with silver nitrate 
solution (cf. p. 507).' 

3. Sulphuric acid.' Fifty, c.c. of the brine is rendered acid by the 
addition of a few drops of hydrochloric acid, diluted with an approxi¬ 
mately equal volume of water and, when hot, treated gradually with a 
hot solution of barium chloride. The settled precipitate is repeatedly 
washed by decantation with hot water, acidulated with hydrochloric 
acid, and finally well washed on the filter {cf. p. 368). 

4. Oxides of Iron, Aluminiunp Calcium, and Magnesium. Two 
hundred and fifty c.c. of the brine is warmed with a little nitric,.acid, 
ammonia added in excess, and the whole heated fer some time; the 
precipitate is filtered, dissolved in hydrochloric acid, reprecipitated, and 
ferric oxide and alumina determined in the usual manner. The calcium 
and magnesium are determined in the filtrate as described on p. 510. 
The results are calculated in exactly the same manner as in the analysis 
of salt (p. 508). 

5. Bicarbonates of ferrous Iron, Calcium, and Magnesium. Five 
hundred c.c. of the brine is boiled fairly vigorously in a tall beaker or 
Erlenmeyer flask, fresh water added, and the boiling and evaporation 
repeated several times. Finally, hot water is added to the highly con¬ 
centrated solution to dissolve any separated salt, the solution filtered, 
the insoluble residue washed with hot water, then dissolved in hydro¬ 
chloric acid and precipitated with ammonia solution, free from carbonate. 
The precipitation is repeated if necessary. The precipitate of ferric 
hydroxide is filtered off, dissolved whilst still moist in dilute sulphuric 
acid (1:4), reduced with zinc, the undiluted reduced solution titrated 
with permanganate solution, and the volume of permanganate necessary 

, to produce a faint rose coloration in the solution alone deducted from 
the reading obtained. Calcium and magnesium are determined in 
the filtrate as described on p. 5'0 et scq. The bicarbonates found are 
.entered in the analysis as carbonates, and the quantity so found must 
be deducted from the total calcium, magnesium, and ferric oxide 
obtained under 4, before calcu'ating the rest of the calcium and 
magnesium to sulphates or chlorides. Calcium bicarbonate is, as a rule, 
present to an appreciable extent in brine (Lorn 0 2 to 0-3 g. and more 
penlitre); on the other hand, magnesium bicarbonate appears in much 
smaller quantity, and its determination may usually be neglected. 



ANALYSIS OF BRINES AND MOTHER LIQUORS 603 

« 

i 

6 . Water. The percentage of water is arrived at by deducting the 
sum of the weVhts of the solid constituents present»in a litre, from the 
weight of the litre of brifie. • , 

The results are calculated‘on th^ litre of brine or*mother liquor. ^ 
Sweeney and Withrow ^ recommejnd the following procedure for the 
examination of brines ;—■ • ^ 

.Deposit on aeration. The sarrtplc is allowed to stand, with occasional 
shaking, for two or three days to aerate aliy.iron compounds present. 
The height of thck liquid ift thc/bottle is marked an^l the whole is filtered 
and the deposited matter is washed (the washingjs being kept separate), 
dried, and ignited.tc constant weight. The volume of the sample is 
meas*urcd by a.scertaining the capacity of the original contaftier. 

The specific gravity.oi tdie filtered •brine, at I5“C. is determined by 
the Westphal balance. The sp. gr.<3f the fresh brine is different from 
that of the sample after several days. 

Total'solids are determined san 25'c.c. of the filtered sample; the 
residue is dried at 160' C. to c-xpel a.l the water. This high temperature 
causes a slight volatilisation of "acidic radirjes, so that the result is not 
strictly accurate. 

Silica. Twent;^-five c.c, of the filtered brine is acidified with 5 c.c, 
of hydrochloric acid and dva^jorated to dryness, and the residue dried 
at 120'C. or above for an hour; 5 c.c. of hydrochloric acid and 20 c.c. 
of water arc added, the solution is warmed, filtered, and the residue 
wa.shcd free from chlorides. The filtrate is evaporated, acidified as 
before, and a second precipitate of silica is obtained. The combined 
precipitates are ignited in a platinum crucible and weighed. The 
resichie is treated with sulphuric and hydrofluoric acids, and the loss of 
weight is reported as silica. The residue is added to the iron and 
alumina precipitate. 

Iron ,nid'alumina. The filtrate and was*hings from the silica are 
treated with a few drops of nitric acid and 5 c.c. hydrochloric acid, 
boiled a few* minutes, and then made alkaline with ammonia, boiled 
until all the ammoiiiafs expelled, atlowed to stand, filtered, washed, and 
ignited in the crucible from which the silica has been expelled. A 
separation of the iron and alumina is seldom nequired. ^ ^ 

Calcium. The filtrate from the iron a<id alumina is dduted to 250 
C.C. Of this 25 c.c. is diluted to 150 c.c., thj calcium precipitated 
as oxalate and igjiited to oxide ; oi datermined by* dissolving it in 
dilute sulphuric acid and titrating with potassium permanganate. The 
calciurr>,should be reported as .sulphate and chloride, , 

Magnesium. In the combined‘filtrates ancf washings from the 
cal(}Jbm the piagnesium is precipitated with sodium hydrogen phosphate, 
ignited to Mg.,P.2'>7, weighed and calculated ttt bromjdc and,phloride. 
' /, hut . Eng . C / trm : 1917, 9 i f> 7 i ,/• M ., 1917, 36, 924. 
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Barium and strontium should be looked for in the absence of sulphates. 
They are partiallf' precipitated with the calcium and magnesium. 
V^iien the proportion of barium and stronti;im is low, they may be 
neglected. Ammlnia is seldom preserit in corlimercially important 
proportions. , 

Sulphuric acid. Fifty c.c. af the filtrate from the iron and alumina 
precipitate is diluted to too c.c,, and whilst boiling, lO per cent, barium 
^chloride solution is slowly Jdded with constant stirring. The precipitate 
is filtered, washed,,and ignited in a "Ijorcelain crucible. It is then 
dissolved in a few c.c. p{ warm concentrated sulphuric acid and poured 
into ■250 c.c. water^ allowed to stand and then filtered, washed, ignited, 
and weightd. (This method of purifying the barium sulphate is very 
effective.) The sulphuric acid i/reported as calcium sulphate. 

Potassium and sodium. The filtrate from barium sulphate'is used 
for determining the potassium and sodium, which are reported as 
potassium and sodium chloridek 

Chlorine.’ If the brine is alkafline to phenolphthalein, it must be 
neutralised with sodium b.'sulphate sblution. Ten c.c. of the filfered 
(and neutralised) sample is diluted to i'litre, and 10 c.c. of this is then 
diluted to 20a c.c. and titrated with standard sil\j,er nitrate solution, 
using potassium chromate as indicator. 'A standard solution of sodium 
chloride containing the same amount of chlorine as the^sample used, is 
diluted to 200 c.c. and titrated with silver nitrate so as to show the 
amount of silver nitrate required to affect the indicator. The error so 
found must be deducted from the silver nitrate used for the sample. 
The bromine value must also be deducted. 

Bromine. One hundred c.c. of the sample is made alkaline with 
sodium carbonate and evaporated to dryness, the residue dissolved in 
water and filtered into a 250 c.c. flask, made distinctly acid with 
sulphuric acid and made'up to the 250 mark. Twenty-five c.c. of.the 
acid liquid is placed in a 50 c.c. Nessler glass and chlorine added until 
the maximum colour is developed. Ten c.c. of ca,’'bon tetrachloride is 
added and the mixture shaken and'eompared with the colours produced 
by various amounts of standard sodium bromide solution. Having 
obtained a r^ugh idea of the amount of bromine present, 25 c.c. of the 
• acidified sample is treated .with chlorine and carbon tetrachloride as 
before, poured into a vvet filter and the water drained off. The filter 
is then punctured ant}, the carbo'h tetrachloride is r,eceived in a 25 c.c. 
Nessler glass *and compared with standard sodium bromide solution 
similarly treated. Traces of iodine present do not interfere ^nd need 
not be reported. The bromine "should oe reported as magnesium 
bromide as it is so considered by the trade, but any free brqmine,should 
be reposted as such. 
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B. SODIUM CHLORIDE (ROCK SALT) ^ 

* , , • 

Sodium chloride itielts, according to Carneily,' at ^72°; according tc 

V. Meyer and Riddle,® at 815-4°. Mor« recent determinations®give 801° 
as its solidifying point. • ^ 

^ The commercial product ma^ contain, in addition to moisture and 
water of*hydration combine^d with calcium sulph'atc, ete., the following* 
impurities; chlorides of calcium, magnesium, and potassium; sulphates 
of calcium, sodium, magnesium, and potassium ; magnesium carbonate, 
organic substances "(Wtumcn, mineral qil, gaseous hydrpearbons), and 
clay. According to the nature of the clay content, whith seldom 
exceeds o-l per cent., the sslt is coloured, usually a bluish green, but 
sometimes yellow, brown, reddish brbwn, or greenish (Schwarzenberg). 

Other impurities which ocijur less frequently and only in traces, are; 
potassium bromide, potassium iodide, and lithium chloride, all of which, 
in consequence of their relatively greater solubility, accumulate in the 
mother liquors. .Thus Kraucli found in‘the concentrated mother 
liquors of brine from Wcrl, 3-3754 g. KBr, 0-0137 g. Kl, and 8-9833 g. 
LiCl, per litre. Magnesium Jsorate is fouhd admixed with rock salt at 
Stassfurt. Occasionally the pc’rcentagc of soluble foreign salts present 
is so great that the rock salt is rendered useless for food purposes. 

An appreciable percentage of magnesium chloride (0-2 per cent, is 
sufficient) gives a sharp saline flavour to the salt and renders it hygro¬ 
scopic, as do small quantities of calcium chloride. 

* I. Ordin.^ry Salt 

• 

Sawpling. For the method of taking an average sample, cf. p. 8. 

Qualitative analysis. The salt is, from time to time, examined 
qualitatively for potassium, ^dkali bromides and iodides, and, when it is 
intended for culinary^jurposes, for metallic salts also (lead, copper, tin) 
which may have bean.t'nken up from'tlfc vessels used in the purification 
process. These metals are detected in the usual manner. A simple 
method of examining fou the other impuritie .4 mentioned,consists in 
extracting a considerable quantity of thessalt with water, using an 
insufficient quantity to effect complete solution, evaporating the filtered 
extract to one-third, of its bulk, again filtCTing, a(jd divi'Ving the filtrate 
into two portions. To the first portion platinic chloride is added and’ 
the mi.xttfre thoroughly shaken ; a lemon yellow precipitete indicates 
the presence of potassium chloride. 'I'he second po*rtion is treated with 
chlosihc* watQr, drop by dfop, and ihaken with chloroform after each 

J /. Chem. 6<3i;.,f879, 35, 280. 2 1893,*26, 2447I , 

^ U,S, Bureau 0/ StantfaH/Sy Circular No. 35, cd. ; Chem, News, 1919, I18, 130. 
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addition ; any iodine present is liberated first, the bromine stbsequently, 
and each may bo recognised in turn by the colour ^imparted to the 
cftlorofor.m. ' {Cf. also p. 509 for Krauch’s melihod of testing for iodine.) 

, Quantitative analysis-. For works’ ptirposes d' shortened method of 
analysis is usually adopted. Tbi constituents usually determined are 
moisture, total chlorine exprSssed as sodium chloride, sulphuric acid, 
calculated to calcium sulphate, and fnattcr insoluble in water. These 
figures are amplified' periodically by‘thy determination of calcium, 
magnesium, ferric <oxide, of the percentage insoluble in hydrochloric 
acid, sand, clay, etc., s-nd also, by difference, the approximate amounts 
of calcium and magnesium carlponates present [civirtfra). The quantities 
of magnesium chloride, sodium sulphate, or calcium chloride, present 
may be arrived at by the following simple methods, which will be 
found sufficiently accurate for technical purposes. " 

I. Water. — {a) Moisture. Five g. of .rhe salt is heated in a platinum 
crucible, well covered to prevent loss by decrepitation, at first very 
gradually and finally for some nl'inutes at a low red heat. The loss 
in weight gives the total-'water present, that is, thic moisture proper 
plus that chemically combined; the amount of the latter is usually very 
small. This method has the disadvantage that, yo matter what care 
be taken, a small loss of salt always occurs owing to decrepitation. 
By employing as new a platinum crucible as possible, with smooth 
walls and a well-fitting lid, and placing the stand, Bunsen burner, etc., 
on a sheet of black glazed paper, the loss, which may reach i per cent, 
or over, is very much diminished ; but the method lacks certainty and 
cannot be carried out quickly or without direct attention. In works 
where dozens of water determinations, including those of damp salt, 
which may contain up to 15 per cent, of water, have to be made, the 
inaccuracy of the method is very pronounced. 

Bockmann consequently recommends the following method, wjiich, 
whilst perfectly accurate, permits of a largc'number of water determina¬ 
tions being made simultaneously and without special attention during 
the’drying process. ' " ' 

A dry Erlcnmeyer flask, about 14 to 15 cm. high, and of about 
250 c.c. capacity, is weighed together with'a dry funnel inserted in 
the neck. About 5 g. of salt are then introduced into the flask, this 
quantity being just sufficient to form a thin layer on the bottom, and 
the flask, funnel, and salt' accurately weighed. The object of the 
' funnel is to allow the dried salt to be cooled in the open instead 
of in a desiccator, and to prevent loss of salt by decrepitation during 
the expulsion of the combined water de.scribed under ib). The flask is 
then placed on a previously warmed, portable sand-bath, 40 cm. by 
20 cm, large enough to carry eight flasks, the''i.emperature of tne 
sand being about 140° to 150° The funnels are removed, and placed 
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each near its, corresponding flask, on the bench. The water soon 
begins to come ^fif, condensing at the start on the* upper portions^of 
the flasks; at the end ol three to fjur hours all the water present as 
moisture is driven off from the salt without afiy cracRling sound. The 
funnels are replaced in the flasks, wltich are then allowed to cool on a 
thick glass or marble slab, and weighed. * , 

, {b) Chemically combined Wafer. After ^the determination of the 
moisture*the flasks are carciill^ heated on wirS gauze, tfr on a silica or* 
metal (aluminium) plate, over the free flame, with the funnels in position, 
to prevent loss by decrepitation. The water heldfin chemical combina¬ 
tion tjy calcium sul))hate, etc., is thus driven off; tho'cvelution of this 
small quantity of water is accompanied^by violent crackling. Since the 
amount of combined \#atei'present is ver/ frequently under o-i per 
cent, and seldom more than | to I per cent., its determination can 
usually be.oraitted in technical analyses, 

2. Total Chlorine (expressed* as Sodium chloride).— Ten g. of the 
finelv ground average sample js (dissolved in lukewarrn water, and 
after cooling, made up to 500 c.i;. at 15" in a'raeasuring flask. Ten c.c. 
of this solution, corresponding to 0'2 g. salt, is diluted with 100 c.c. 
of water, 10 drops of a 10 pqr.cent. potassium chromate solution added, 
and the whole titrated with silver nitrate solution (p. 73). A deduc¬ 
tion of 0 2 c.c. silver nitrate solution is made from the observed reading, 
since this quantity is necessary to produce the red colour with the 
chromate. Each c.c. of N/io silver nitrate solution equals 0 005850 g. 
NaCl. 

3. Sulphuric acid_Ten g. of the sample is dissolved in lukewarm 

water’and a little hydrochloric acid added ; should much earthy matter 
be present the salt should be digested for some time with hydrochloric 
acid, to ensure complete solution of the calcium sulphate present. The 
cooled solution is then made up to 500 c.c. and passed through a dry, 
pleated filter.. Two hundred and fifty c.c. of the filtrate is heated to 
boiling and precipitafed by the addition of hot barium chloride solution 
in slight excess. The’barium sulphate is first washed by decantation 
with water acidulated with hydrochloric acid, and finally on the filter 

{c/. p. 368). * ! * 

4. Matter insoluble in water atW acids, Calcium and 
Magnesium. —Fifty g. of the finely.ground a’Krage, sample is dis¬ 
solved in warm water‘and filtered throflgh a £lter paper previously 
tared against one of equal weight. The insoluble matter is carefully 
washed Tfom the filter into a small glas.'j mortar and ^jround with sufficient 
watei; to dissolve all the gypsum present. The water is decanted 
throTigrt the* filter and tire operafion repeat&d a few times. ^ The 
insoluble mattei%is again collected on the jrltcr and dsied at iiSo ;.the 
weight obtained represents the matter* insoluble in water (clay, sand. 
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oxide of iron, calcium carbonate, etc.). This residue is theil treated on 
the filter with warm dilute hydrochloric acid, the solution obtained 
precipitated by the addition of ammonia;' the ffrecipitated ferric 
hydroxide dissoWed in dilute sulphuric acid (l : 4), and the iron deter¬ 
mined, after reduction by zinc, by titration with permanganate solution. 
The residue. insoluble in hydrochloric acid is well washed with water, 
dried at 100°, and weighed to give the percentage of sand and tlay. 
The difference-' betweerl the sum of tli^ w^^i^hts of the sand, clay, and 
iron oxide, and the'-weight of the total matter insolilblc in water, may 
usually be regarded ‘as representing the carbonates of calcium and 
magnesium present. 

The calcium and magnesium are determined in the filtrate from the 
matter insoluble in water And in hydrochloric Acid in the usual manner 
after addition of ammonium chloride and ammonia (r/. p. 510). 

Calculation of Results. All magnesium found is calculated to 
magnesium chloride and its equivalent in sodium chloride deducted 
from the “total” sodium chloride, to give the actual content of the 
latter. Should more sulphuric acid be found than corresponds to the 
soluble calcium, such excess is calculated to sodium sulphate. In the 
reverse case the excess of calcium is calculated to calcium chloride, and 
a corresponding deduction made in arriving at the percentage of sodium 
chloride. 

J. and S. Wiernik ^ recommend a direct determination of the 
magne.sium chloride present in sodium chloride and in brine, and they 
further state that wholly incorrect results may be obtained by the 
usual method of calculation. They extract the dried salt with absolute 
alcohol, which dissolves out magnesium chloride only, and, after evapo¬ 
rating off the alcohol, determine cither the magnesium as pyrophosphate 
or the chlorine by titration. Both methods should give the same result 
when expressed as magnesium chloride. The total calcium, magnesium, 
chlorine, and sulphuric acid arc determined fn the original solution in the 
usual manner. The sulphuric acid found is fit'it calculated on the 
calcium, then on the excess of magnesium that may be present above 
that found as magnesium chloride by extraction with alcohol; any 
sulphuric arid still rema'ining is regarded as sodium sulphate. Chlorine 
found as magnesium chloride is deducted from the figure obtained 
for” total chlorine,”-and the difference stated in terms of sodium 
chloride. - ' 

All such calculations are quite illusory in the case of dilute solutions 
where the salts are either almost completely ionised or in'^art dis¬ 
sociated hydrolytically; in solid salts and concentrated solutions such 
as the above, howevet, the grcaler part of the salts'are actbally 
present as such. 


• /. rt;/.fV7c. Chetft.y 1893, 6, 43. 



SALTCAKE 


609 


2. Puke 'Sodium Chloride for Analyticj^l Purposes 

Pure sodium 'chlyrid% appears «under various lyimes, aiid these 
preparations often contain traces of sulphates of calcium or magnesium. 

Krauch’s method of examining *“ f^ure ” sodium chloride is as 
follows:— , , ' 

' Complete Solubility and frq^edom from Sulphate.—Jhree g, of salt ^ 
and 2D c.c. of watpr should a clear, neutral solution, which, when 
diluted to 8o c.c,, heated to boiling, and treated ^with barium chloride, 
should show no sigp ©f a precipitate cvAi after standing for several 
hours.' * • 

Examination for Aljcali^e Earths and hpavy Metals.— Three g. of 
the salt .is dissolved in 50 c.c. of waper, the solution heated to boiling, 
and ammonium oxalate, sodium carbonate, and ammonium sulphide 
added. Nb turbidity should result. • 

Iodine, —Twenty c.c. of the aqueows solution (i : 20) treated with one 
drop “of ferric chloride solution and a little starch solution should show 
no blue coloration.* • 

Potassium. —The concentrated solution of the salt should give no 
precipitate on addition of plafirtic chloride even after long standing. 


C. SULPHURIC ACID 

Tlie examination of sulphuric is conducted as previously described 
(p. 429 ct seq.\ The acid employed in the manufacture of saltcake is 
either non-purified chamber acid, Glover acid, or acid concentrated 
in pans placed over the pyrites burners. The acid employed in the 
preparation of saltcake inteaded for use in the manufacture of the better 
qualities of gtass slnjuld be a.s far as possible free from iron. The 

determination of thg ir«ni is described above (p. 452 ct scq.). 

• • 


n. SALTCAKE 

* • 

The saltcake drawn from the furnaces is sprdad out* ifl long ridges, 
on a stpne-paved floor to cool. Samples are taken morning and 
evening, corresponding to the output of each furnac*, from various places 
in the jeveral rows, and an average^ of the lot^ so taken ground in a 

suitable mill. ^ , • 

For works’ (Jbrposes, determinations i. and 2 given below -are 
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sufficient; for purposes of sale or purchase, the other tests given should 
be made. ^ 

' I. Free Acid.—^Twenty g. of the saltcake is dissO|.''iied in water and 
made up to 25o.,c.c.; 5P c.c. of this solution is. titrated with normal 
sodium hydroxide solution, using litmus or methyl orange as indicator. 
Each I c.c. alkali corresponds to l per cent. SO3. All acidity, whether 
arising from'HCl, NaHS04, or from iron and aluminium salts of ^cid 
reaction, is calculated to SO3. Should large quantities of iron arid 
aluminium salts be,4^prcsent, and it be acsircd to avojd the influence of 
these in this detern^ination, no indicator is added to the solution, 
but the end-reaction is judged by the fir.st appearance of a permanent 
flocculcnt precipitate, which occurs as soon as the free acid and tile acid 
sulphate have been neutralised by the alkaji. 

2. Sodium chloride. —Fifty c.c of the solution prepared under l is 
exactly neutralised by the addition of the necessary volume of normal 
sodium hydroxide solution, and the neutral solution titrated with 
Njio silver, nitrate solution after the addition of a little potassium 
chromate solution (cf. p. 73). Each t c.c. silver nitrate solution, after 
deducting 0 2 c.c. from the total as allowance fof^ the end-reaction, 
corresponds to O' 146 per cent. NaCl. With high-grade saltcake a 
solution containing 2'9054 g. AgNOj per litre snould be employed, 
each t c.c. of which corresponds to O'OOi g. NaCl, or, with the above 
amount of saltcake, to 0 025 per cent. NaCl. 

3. Iron. —Ten g. of the saltcake is dissolved' in water, the iron 
reduced by addition of zinc and sulphuric acid and titrated with 
permanganate solution (p. 452). Very small amounts arc estimated 
colorimetrically (p. 453). According to Ost,' sulphate manufactured in 
lead pans contains from 0.009 to 0 029 per cent., and that manufactured 
in iron pans 0-062 to 0-130 per cent. Fc. 

4. Insoluble Matterj when present, is determined in the usual way. 

5. Calcium.— Ten g. of the saltcake is dissolved in water, a little 
hydrochloric acid being added if necessary, and the solution treated 
with ammonium chloride and th^n ammonia in slight excess. The 
ammoniacal solution is heated to boiling and tfie calcium precipitated 
by the addition of a boi'ing solution of ammonium oxalate in consider¬ 
able excess'. The solution allowed to stand for twelve hours, and the 
precipitate then washed with boiling water several times by decantation 
and finally on the filter, a small quantity of ammonium oxalate being 
-added to the wash-water. The filter paper and precipitate are dried 
and burnt off in a platinum crucible (this may be done whilst the 
precipitate is still Jightly moisi), after which the whole is strongly 
ignited for twenty minutes over ,.a Mdker or Teclu burner. Should 
the prgeipitate be laige in amount, which is unlikely, it must he 

^ Z. angew. Chem,^ 1896, 9, 9. 
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heated in ihe blowpipe flame until the weight becomes* constant. 
The precipitate is regarded as CaO; any ferric o:jide present must, 
of course, be dci. 4 ucted. ^The desiccator used must prevent access-^of 
moisture and carbon»dioxide.) i « 

Should any considerable quantity of magnesium be present—which is 
never likely to occur, however, in saltcakri—the washed calcium oxalate 
precipitate must be transferred to a beaker, dissolved in a little warm 
hydrochloric acid, and rcprccipitatcd by the’addition of, 2 to 3 c.c. of, 
ammonium oxalatp followad by' 4 mmonia in slight excess. The precipi¬ 
tate is allowed to settle for twelve hours and the i[-eprccipitatcd calcium 
oxalate treated as aboi^e. The two filtrates are then qombined for the 
magnesium determination. ' ’ ’ • 

Instead of converting the calcium cxalaty to oxide and weighing, it 
may bei.dissolved in dilute sulphuric acid and titrated with perman¬ 
ganate solution, calculating the calcium from the o.xalic acid thus 
found. Ot course, in this case it is intldmissible to add ammonium 
oxalate to the water employed for'washing; yet its oroission may 
lead 'to a loss which is by no means negligible. Walland’ overcomes 
this difficulty by * standardising the permanganate solution against 
calcium oxalate prepared from pure oalcium oxide obtained by 
ignition of the carbonate, And treated in exactly the same way as 
the precipitate obtained in the actual analysis, so that the errors are 
the same in the two cases. 

Such a method always has disadvantages, and is only to be 
recommended when, as in technical work, a large number of analyses 
have to be made simultaneously; otherwise it offers no saving of time 
as coiijpared with the ordinary method by ignition. 

6. Magne^um is determined by addition of ammonium phosphate to 
the filtrate from operation 5. h'or very exact work this addition should 
be made in neutral solution and as far as possible in the absence of 
ammonium salts, the necessary ammonia being added subsequently. 
The filtrate frdm 5 shpuld therefore be evaporated to dryness and, after 
gentle ignition to drive off the aifimonium salts, extracted widi a 
small quantity of hydrochloric acid. The solution is filtered from any 
separated carbonaceous <nattcr, exactly neutralised with ammonia, 
heated to boiling, and sodium phosphate s(^lution added, drop by drop, i 
to the boiling solution until no further precipitation results. The 
mixture is allowed ^o cqpl, ammonia sblution equal to rsne-third of its 
volume added, and the whole allowed to stand for three ^dV^rs, or should, 
only a sajall amount of magnesium be pre.sent, for twelve^hours, before 
filtering. The precipitate is washed \\ 5 th 2A per certt. ammonia solution, 
drieci,* .sgparajed as completely as possible from the filter paper, the 
latter burnt separately in*a spiral of platinum•jvirc, and the jsh and 
1 C/um. Zeii., 1903,^27*^22. 
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precipitate then ignited, first at a low heat and finally strongly. The 
precipitate is thus converted to pyrophosphate, MgjPjOj, one part of 
wh'ch corresponds to 0-3621 part of MgO. 

In the analysis-of saltcake it istusualito precipitate the magnesium 
by direct addition of sodium pho,sphate to the filtrate from 5 without 
removing the rTmmonium oxakte, and observing the other precautions 
given; in thiU case the^precipitate should be allowed to stand twenty- 
^ four hours before filtering. * 

This method of separating calcium Wncf magnesium is essentially in 
accord with the conditions given by Treadwell.' An alternative method, 
differing somewhat from the above, has been, described by T. W. 
Richards.-- The magnesium salts must not be present in the solution in 
greater concentration than corresponds to 5V normal. Ten equivalents of 
ammonium chloride are added to the solution, followed by oxalic acid 
in sufficient quantity to combine with the whole of the calcium. It is 
advantageous to reduce the dissociation of the oxalic a'Cid by the 
previous addition of three or four equivalents of hydrochloric acid. A 
drop of methyl orange is ..added, the 'solution boiled, and very dilute 
ammonia added gradually at intervals during half an hour and 
with continued stirring. When the solution has been made neutral, a 
large excess of ammonium oxalate is adoled, and the whole allowed to 
stand for four hours. The precipitated calcium oxalate is thoroughly 
washed with water containing ammonium oxalate. The filtrate con¬ 
tains the whole of the magnesium with the exception of o-i to 0-2 per 
cent., which causes a corresponding error in the calcium, the whole of 
which is contained in the precipitate. 

Hcraeus® states that both platinum and platinum-iridium crucibles 
are easily injured by the ignition of magnesium ammonium phosphate. 
The effect takes place, however, in a very irregular manner, and is to 
be attributed to the liberation of phosphorus, which occurs at 900", 
arising partly from the presence of carbon or reducing gases, and a’so 
partly from the hydrogen liberated by the decompositioli of ammonia 
at the high temperature. The astitm due to ammonia is stronger if free 
ammonium phosphate be present in the precipitate, and may very easily 
occur if Gooch crucible-s are used in which old precipitates have been 
. allowed to remain. The action is most marked when the heating 
is carried out rapidly in a covered crucible. Up to the present it has 
not been possible to define the ednditions under which the crucibles are 
Jeast attackeo'. 

Calcium and magnesium can be determined rapidly, and for many 
purposes sufficientlyexactly, by adding sodium carbonate to the filtrate 
from the silica, ferric oxide, and alumina, evaporating to dryness, 

^ Analytical Chemistry^ 5 lh edition, vol. ii., p. 76. 

■ Z. anofg, Chem.^ 1901, 28> 88.' ^ Z. angew, Ckem,^ 1903, 15, 917. 
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igniting to remove the ammonium salts, taking up with srfdium car¬ 
bonate solutioit, extracting with hot water and weighing the calcium 
and magnesium o^rbonates remaining in the dish after dryinj' at aoa’; 
or by weighing as mixecf oxides afttJr ignition. The^quantity of each 
base present may be determined indirectly from the difference in weight 
between the mixed carbonates and the ■jiixed oxides; It is, however, 
bettpr for this purpose to convert bsth into.the sulpJiates. Christomanos ' 
his applied this method to the jnaly.sis of a'lafgc number of samples, 
of magnesite, but,.like all ’irtdi^tet methods, it may lead to somewhat 
large errors. . 

7 - Aluminium.—considerable quantit/ of ammonigm chloride or of 
ammoTiium nitrate is added to the solution of the saltcake, tl>e mixture 
heated nearly to boilingp'n ajjorcelain »r platinum dish and ammonia 
added, but not in too great excess, sp as to avoid the removal of an 
excess by boiling off; the precipitate is then washed three times by 
decantatioi! with hot water to wfrich oilb drop of ammonia has been 
added, thorpughly washed on the filter with hot water, and dried 
on the pump. Any small quantities adhering to the sides of the 
dish are wiped ofT with a piece 'of filter paper. The filter paper and 
precipitate may be ignited, whilst still maist, in a platinum crucible, 
and finally ignited .strongly, ^ireferably over the blowpipe. The weight 
of ferric oxide, as found under 3, must be deducted from the weight 
obtained. 

The ammonia iSmployed must be tested by barium chloride for 
freedom from carbonate, which, if present, would cause precipitation of 
the calcium ; if necessary, it should be purified by distillation over lime. 

8. Sodium sulphate.—One g. of the sample is dissolved in water, 
the cakium, together with the iron, precipitated as under 5, the solution 
filtered, and the filtrate, after the .addition of a few drops of pure 
sulphuric acid, evaporated to dryness. The dried residue is ignited, 
first alone, and again after tke addition of a small piscc of ammonium 
carbon,ate, and* weighed, h'rom tlie weight obtained there must be 
deducted {a) the sulBhat.e etiuivalent of tiie sodium chloride found under 
2 (l-ooo g. NaCl= 1 - 21*5 g- Na,SO,, or i c.c. vV/io silver nitrate solution 
= 0-00171 g. Na.jSO,), and,(/’) tlie magnesium sulphate equivalent of the 
magnesium found undcr6(i-ooog. MgO = 2-9^56g. Mg.SO,). The residue 
represents the Na^.SO, actually iircsent in the ordinal l g. of s.altcake. 
If the magnesium .sulpljate alone be rled*ictcd from the gross weight 
of tlic sulphate found, the total sodium in the sample, Expressed as- 
sulphate.^s obtained. , 

Isbert and Venator - proceed as follows :—About 2 g. of the saltcake 
is di^lved in the least ^rossiblc vplume of hpt water; ferric oxide, 
alumina, calcium carl^onatc, and magnesium carbqnatc are precipitated 
> Z. anal. Chna., 1903, 42, 60C. "*'/■. •ingtw. Chem., 1889, 2, 66. 

2 K* 
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by the addition of ammonia and ammonium carbonate, thg precipitate 
dissolved in hydrochloric acid and reprccipitated, the 'precipitate well 
washed with hot water, and the total filtrate collepted in a platinum 
dish. Tnc filtra,*'e—which is about icf) c.c. in volume and contains, in 
addition to the sulphate, ammonium sulphate equivalent to the free 
acid, and sodium chloride—ais treated with ammonium sulphate or 
sulphuric acid, and cv^poratcd on tho water-bath to convert the chlpride 
into sulphate. The sepdue is gently ignited, to volatilise all ammonium 
salts, and weighed. From the weight o( NasSO., so obtained, the weight 
of sulphate corresponding to the chloride present in the original sample 
must be deducted. , 

/■:. IIYDROCIILOR.'-C ACID 

, I 

The daily control of the process in the works is confined to measuring 
the strength of the acid flowiing from the condensers, jars,'etc., and to 
determining the completeness attained in the absorption. The strength 
of the acid is measured _by means af the hydrometer, and in; some 
works tests are only taken once in the day. It i.s,'nowever, preferable 
to allow the acid, as it Icavqs the plant, to How through a glass cylinder 
in which the hydrometer floats; in this.way the strength of the acid can 
be seen at any moment or a continuous record can be obtained if 
desired (p. 133), 

It is especially important to check the amount of acid which escapes 
condensation and so passes into the atmosphere. Should the air be 
damp a practised eye can, to a certain extent, judge the degree of 
absorption by the appearance of the escaping vapours. Whilst white 
fumes are continually evolved from the open pipes of the pan con¬ 
densers, even when condensation is complete, these consist entirely of 
steam, and may be distinguished from hydrochloric acid fume by the 
ease with which they are dissipated in ,the air. Hydrochloric acid 
vapour, on the other hand, forms dense white fumes, which, in a moist 
atmosphere, spread to form a, h.^avy cloud oyer a considerable area, 
and persist for a considerable time. Very frequently the fumes only 
become apparent whcij the gases come into contact with the outer air. 

According to the Alkali .'\ct (1906), 95 per cent, of all the hydro¬ 
chloric acid produced in a works must be condensed, and no gases are 
permitted to escape into the -atmosphere which contain more than 
. grain IIC! per cubic foot (= 0457 g. per cubic metre); and the total 
acidity of all the gases pre.sent must not exceed the equjvalent of 
4 grains SO., pcrocubic foot (f= 9-15 g. per cubic metre). In these 
regulations the volume of the gases is reduced to 60’ F. (15-5° C.) and 
30 inches mercury (almost exactly 760 mm.;. <. , 

, ., Examination of the Exit Gases. —The examination of the chimney 
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gases is carried out in a Fletcher bellows, whith serves both sts aspirator 
and absorbing Vessel. They are constructed to draw of a cubic foot 
of gas at one aspiration, but they should in all cases be standardised 
by filling with air at»the nornaal working capacity a;;id measuring the 
volume aspirated by expelling it in^o an inverted graduated vessel 
filled with water, correcting the volume i)btained for tcinpcrature and 
pressure. In examining chimney or otjier gasas the bellows are con- 
rfbeted with the chimney by means,of a percylain, glajs, or platinum, 
tube, of 12 mm. c^iameter,* ll'h»?h extends some considerable distance 
into the chimney. Doth bellows ;i,nd tube are fir.st washed out with 
distilled water, 200 tp soo c.c. of distilled wnter then introduced, and the 
necesSary number of aspirations made." The contents of Uie bellows 
are well shaken after each jspiration allow all the acids present to 
be dissolved by the water. When ihe operation is complete, a little 
water is forced into the connecting tube and allowed to flow back into 
the bellow.? to wash out any acid that mliy have condensed in the tube. 
The liquid in the bellow's is then w..shed into a porcelain, dish, and if 
necci*sary filtered from soot. Any sulphurops acid present is oxidised 
by potassium permanganate, excess of the latter removed by a trace of 
ferrous sulphate, the solution neutralised by pure sodium carbonate, a 
little potassium chromate atlrled, and the whole titrated with A'/lo or 
A^/ioo silver nitrate solution. Each i c.c. A710 silver nitrate .solution 
= 0-00^646 g. util. 

In the Alkali Ifispector’s Report for iSgS (No. 35) an addition of 
hydrogen peroxide, free from chlorine, to the water put into the 
bellows was recommended. This addition effects the immediate oxida¬ 
tion of any sulphurous acid present in the gases. The total acidity is 
determined by titration with sodium carbonate solution, and subse¬ 
quently the chloride as above, by means of silver nitrate. When 
working in this manner difficulties arc liable to»occur through discolora- 
tiop'which arises owing to incomplete oxidation of organic matter by 
the hydrogen ^)eroxi(]e, and this may under certain conditions lead to 
the reduction of the,cht»)mate ; furthtr,«it is difficult to obtain hydrogen 
peroxide free from chlorine. ]’'or these reasons the process is now 
carried out as follows. TJie total acidity is determined as before with 
sodium carbonate solution and methyl orair^e, a few drops of potassium 
permanganate solution being arlded in cases whe^e the solution is very 
dark owing to the ppescyice of sooty rflattgr. The ncufralised solution 
is treated with 0-5 g. of calcium or magnesium carbonate* followed by* 
5 to lO.^lrops of a 5 per cent, ferric .sul[)hate solution,^thc mixture 
stirred for a minute and then rlecanted or filtcrel,!. The chloride is 
then ,determined in the filtrate in Jhe usual gaanner. The addition 
of»ferric sulphate gojs rid'of the organic matter*jvhich is carried down 
with the ferric cafbonatc precipitate, and s(» gives a neutral solutioft~in 
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which the hydrogen peroxide will not exert any reducing action on 
the chromate ; also, it precipitates the arsenic and copper which are 
fo^nd iiiitcSting the gases from copper works^ 

The potassiuri permanganate,''added to oxidke the organic matter, 
must be employed with caution, since the manganese sulphate produced 
may reduce the chromate, vith the production of a green-coloured 
solution ; thfs will not occur, however, if the solutions are ncutra'ised 
< as described. „ 

If any of the ab(we difficulties occui', it is best to oxidise with nitric 
acid and determine tl'e chloride by Volhard’s method (p, 74). 

A continuous test may' of course be made, ns of the exit gases 
of the sulphuric acid process (p. 397), by employing a large aspirator 
and selecting a suitable, typd of absorption, apparatus {cf. p. 398); 
the flasks described in the Al'.cali Inspector's Annual Report for 
1897 arc specially suitable for this purpose. A useful summary of 
these and other methods use'd by tlie Alkali Inspectors will be found 
in the Technical Index to the Alkidi Reports, published (1919) by H.M. 
Stationery Office. ■ ‘ 

KX.SMIN.VTION' of TUIC G.tSI'.S IN TUF. 1IAKG/'.F:.\V1CS’ I’ROCFS.S 

In this process' the burner gases from pyrites or blende are drawn, 
together with steam, through hot salt, packed in iron cylinders, whereby 
the sodium chloride is converted into sodium sulphate, the sulphur 
dioxide being gradually absorbed and hydrochloric acid liberated. The 
progress of the reaction is followed by withdrawing and testing samples 
of the gases passing through the connecting pipes between adjacent 
cylinders. The tests are made in the following manner,:— 

(a) Total acidity, best estimated by Lunge’s method (p. 398). 

(/;) Sulphur dioxide, by Reich’s method (p. 394). 

(e) Hydrochloric acid. The test is ma'le in the sample takep for 
test a by titration with silver nitrate, either by ,Mohr’s''method (p. 73), 
or by Volhard’s method (p. 74). " 

The content of sulphur trioxide is obtained by deducting b-\-c from a. 
For continuous works tests, a or h may be,omitted ; cither of these in 
combination with test c is .■sufficient. 

/ I’KOliFRTIE.S OF IIVDKOCIILORIC'Acid 

The strength of the acid is usually determined by the hydrometer. 
The use of tlie Twfxldell scale (.sec p. I ’9) possesses the advantage that 
for acids of ordinary strengths the number of the degrees Tw. and the 
percentage of IlCl in the acid are represericed by practically the s^me 

f ‘ 

^ Cy. Gumming, Hyd'i'oihlonc Aitd and SultcakCy 1923, p. 196 et sej. 
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figure. The fc^lowing table, drawn up by llunge and Marchlew.shi,^ 
give.s for the various specific gravities of pure hydrochloric acid the 
corresponding dc^ees on the Twaddell scale, the percenfagg contfint 
in HCl, the percentage content in rfeid of 28'-5 Tw.^nd of 3o"-4 Tw», 

and the weight of HCl in grams per litre and in pounds per cubic foot. 

• 

SjJecific Gravity of Hydrochloric Acid Solutions at*i5”C., com- 
■pareefwith Water^atj4°, jftid redCicod-to vacuum. 

• (Lunge iincl Marclilcwski.) «’ 
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The correct specific grr.vity at 15° C. may be calculate^! from readings 
made between 13°'and 17° (and also for temperatures slightly below or 
abbve this range) by the aid of the accompanying s/ort table. If the 
observed rcading“is made below ij" the values given in the table must 
be deducted for each 1° below thei5"; for observations made above 15° 
the corresponding values must'be added. 

Spec. Gra''. i-ooo—1-040: ± 0 0002 

„ 1-041 —1-0^5: , 00003 

„ 1-086—1-120; 00004 

,1-121 —1-155: 0-0005 

„ 1-156—1-200: 0-0006 

Kremers * has published a table giving thc "ariations in the specific 

gravity of hydrochloric acid over a temperature range from 0'''to roo° 

(normal temperature i9°-5); the most rec.ent table is that of Fuchs.® 

1 ^ 

‘ Dktection of IMI'URITIKS® 

1. Rcsidm-.* Ten g. should leave not more than a very minute and 
scarcely weighable residue op evaporation. 

According to Krauch, the preparation of absolutely chemically 
pure hydrochloric acid is attended by con.sidcrablc difficulties; he 
invariably found, on evaporating 50 g. of the acid in a porcelain dish, a 
residue of about i mg., probably consisting of calcium oxide derived 
from the porcelain vessel or from the sulphuric acid. 

2. Stilpiniric add* {a) Five g. is diluted with 50 c.c. of water, and 
barium chloride added; no sign of a precipitate should appear after 
twelve hours’ standing. 

{l>) Five hundred g. is slowly evaporated on the water-bath till 
only about l c.c. remains and the sulphuric acid determined in this 
residue, an a.sh-free filter paper being employed. The weight of barium 
sulphate found should not exceed 12 mg., corresponding to l mg. hl^SO^ 
per .100 g. hydrochloric acid. 

Krauch states that scarcely a single sample ol the various makes to 
be found on the market is absolutely free from sulphuric acid when 
tested as under //; many of the samples examined gave the sulphuric 
acid reaction with test a, that is, without evaporating off the hydro¬ 
chloric acid, showing, therefore, a greater degree of impurity than 
.should be accepted. 

In commercial work the evaporation of the acid may be omitted and 
much time saved by nearly neutralising the acid with pure sodium 
carbonate before precipitating by barium chloride. 

’ -I'V.f- Ann., 1859, 108, irs. Z. anj’nn. Chim., 1898, 11, 753. 

’ The tests marked with an asterkk are due to Krauch and apply oniy to acid, hydrochloric, 
purnm. cone. 
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Lunge’s method, which is rapid and suilablc for works purposes, 
is based on the degree of turbidity produced by addition of barium 
chloride, and is'^best tarried out in the following modiged fdVm 
proposed by Rtirup.^ * Glass tubes having a lower pait 6 mm. diametef, 
sealed below, and an upper part >5 mm. diameter,^clo.sed with a 
rubber stopper, are used for the cstimaSon; the cylindrical, narrower 
l^jprtion is 250 mm. in length, and’is graduated id the following manner. 
Acids coVitainfng varying pjj'opprtic/s of sulphufic acid, from 0 4, o-6, • 
etc., to 3 0 per «ent. SCl^, ai^c prepared, 10 c.q of each heated to 
boiling, transferred to the tube,* nearly neutralised with strong 
ammonia, precipitated by addition of, hot barium .chlpride solution 
and allowed to settle. A mark is then made on the tbbe corre¬ 
sponding to the level of* the».settlcd precipitate and the corresponding 
percentage of acid etched at the side.' To carry out a test, 10 c.c. of the 
acid is nearly neutralised with ammonia^ heated to boiling, transferred 
to the tube, 5 c.c. of a saturated solution of barium chloride added, the 
rubber stopper inserted, and the tube well shaken. Five *11111111103 are 
allowed for settlisg before reading off the'volumc of the precipitate. 
The method is said to be accurate to within O'OJ per cent. 

3. Arsoiic. Thadctcctioi; and estimation of arsenic in hydrochloric 
acid is of importance not only ni chemico-lcgal investigations but also 
in numerous analytical and technical applications. 1 he methods of 
estimating arsenic m sulphuric acid apply also to hydrochloric acid {cf, 

p. 433 I't scj.). . 

(cl) According to Kraiich, hydrochloric acid which will satisfy the 
following test may be looked upon a.s sufficiently pure for most 
analytical work. Ten g. of the acid is diluted with 10 c.c. of water 
and the mixtifre carefully covered in a test tube with a layer of 5 e.c. of 
freshly prepared sulphuretted hydrogen water; no coloration or yellow 
ring, should appear at the junction of the two solutions, even after the 
lapse of an hour. The te?t should be applied to both cold and hot 
solutions so as* to detect arsenic acid ; 0 000005 g. As in i g. acid can be 
detected, that is, -J„'n^. As in the quantity taken for the test. 

{h) According to the German Tharmacopana, III., l c.c. of hydro¬ 
chloric acid is treated with 3 of stannous chforide solutic^i* itfepared 
by rubbing to a cream five parts of crystallised stannous chloride and 
one part of hydrochloric acid, saturatin,g with dry Jiydrochloric acid gas, 
and filtering. No eolofation should appe'ar aftcj- the ’mixed solutions^ 
have stood for one hour. 

(c) Hager’s Kramato-method “ is extremely .sensitive, and quickly 
and simply carried out. One c.c. of’the hydrochloric acid is diluted 
with*2 c.c. of water and a Uttle amntonium oxakite added. A drop of 
tlfe solutionis thijn evaporated on a strip of brass (previously•rul^d 
1 C/mn. ZtU., 1894, 18, 225. . 1884, 265. ^ 
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clean with sand and water and dried), the heating being S9 regulated that 
no ammonium saps are volatilised. If arsenic be present, a stain is 
priduced, varying from grey through red tq blach/according to the 
quantity of arsenii in the acid. * ' 

{d) A delicate method for the detection of arsenic has been described 
by Schlickum.i If a minute d.'ystal (0 01 to 0-02 g.) of sodium sulphite 
is added to a solution of 0-3 to 0 4 g. stannous chloride in 3 to g. 
' of hydrochloric acid, both sulphur d.’oxicje and sulphuretted hydrogen are 
evolved, the latter being due to the reducing action of the stannous 
chloride on the sulphurous acid. If hydrochloric acid containing 
arsenic be carefully introduced so as to form a l^iyvr on the top of the 
solution, d yellow ring of arsenious sulphide immediately forms at 
the zone of contact. The I'eaction is giveiT-by Jj, mg. of arsenious acid. 
The ring gradually extends in an flpward direction, and in the presence 
of J mg. of arsenious acid the whole of the acid layer assumes a yellow 
colour in the course of a few minutes. The reaction proceeds more 
slowly when the arsenic is present in the arsenic condition. The 
success of this test depends on the use of a minimum quantity of 
sodium sulphite and of strong hydrochloric acid, so as to prevent 
the separation of stannous sulphide. 

((?) Gutzeit’s test (p. 445) is extremely delicate and allows the detec¬ 
tion of lij'ijij mg. AsoOj, but it involves the careful observation of the 
conditions referred to in connection with sulphuric acid, since sulphur¬ 
etted hydrogen, hydrogen phosphide, and antimoniiiretted hydrogen 
affect both silver nitrate and mercuric chloride papers in a similar 
manner to arseniuretted hydrogen. 

Quantitative determination of Arsenic. — The arsenic present in 
ordinary, non-purified,commercial hydrochloric aciti, may be determined 
quantitatively either by reducing 20 g. of the acid with sulphurous acid, 
driving off the excess of the latter, neutralising with sodium carbonate, 
and titrating with iodine; or by precipitating With sulphuretted hydrogen, 
and weighing the sulphide obtained after extraction with carbon 
bisulphide. Neither method is free from objcctioii, and in the latter 
case it is difficult to be certain that the arsenic is actually present 
as purq Krctz.schmar - therefore recommends the following 

method :— 

The highly dilutcr' acid is nearly neutralised by addition of sodium 
carbonate, agimonia and yellow ammonium' sulphide then added, 
followed by chemically pure hydrochloric acid in excess, and a strong 
current of .sulphuretted hydrogen passed for two hours through the 
solution, which is kept hot on the water-bath. By this treatment the 
precipitation, which otherwise requires from fifteen to twe.ity-four 
hours. Is complfte in 'the time stated. The precipitate of arsenious 
^ Analyst, l886, II, ig. - Cltem, Zeit., iSgr, 15, 269. 
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sulphide is-wajhed, dissolved in potassium h|droxide with addition of 
bromine, and the arsenic finally precipitated in slightly acid solution 
by ammonia and'yiagnesja mixture and weighed as magnesium p/ro- 
arsenate. This metlTod may rflso leid to erroneous rtsults; should thf 
ignition be too strong, arsenic may be distilled off^ whilst if too 
gentle, the conversion to the pyroarsenate is likely to be incomplete.* 
fhe arsenic may also be dctcrftiined volumethically, by boiling the 
sulphide*with *a few c.c. of ^onpent^ted sulpliMi'ic acid* till it is com-* 
pletely dissolved and all sulph’ur dioxide is expelled, cooling, diluting, 
nearly neutralising with sodium hydroxide, adrjing excess of .sodium 
bicar|^onate, and titfafing with Njio io 4 inc .solution. . 

4. Iron* Five g. diluted to 25 c.c. should yield no coloral;ion on the 
addition of a few drops'of potassium tfuocyanate solution. 

For detecting traces of iron in strong acids, Venable - recommends 
making u.‘^c of the blue soluMon obtained on treating cobaltous nitrate 
with strong hydrochloric acid. Traces of ferrous salts change the blue 
colour of such a solution to green ; lerric salts arc without'effect. 

hor quantitative work the iron is reduced with zinc, the solution 
diluted with a large volume of distilled water, a 20 per cent, solution 
of manganese sulfjiate, free,from iron, added, and the whole titrated 
with Af/20 potassium permanganate solution (i'58o3 g. per litre), of 
which I c.c. =i0'002792 g. Fe. A blank experiment on an equal 
volume of the distjlled water, as used above, is made at the same time 
and the volume of permanganate solution necessary to produce a faint 
permanent rose tint deductcrl. Traces of iron are determined colori- 
metrically as described above (p. 453). 

^.'Sulphurous mid. According to Krauch,the addition of a few c.c. 
of the diluteef acid .should not destroy the faint blue colour of water to 
which a little iodine and starch solution have been added. In the absence 
of chlorine and ferric chloride, sulphurous acid may also be detected by 
mftans of sulphuretted h/drogen (white cloudincsS due to separated 
sulphur) or by stannous chloride (brown precipitate of stannous sulphide). 
For quantitative wU)rk',ttitration witli permanganate or iodine .solution 
is adopted. It is, however, safer to estimate the total sulphuric acid 
present after oxiilation bjT the above reagents, dr by hydroggiyproxide, 
and to deduct from this the .sulphuric acid'.originally-prcsent as found' 
under 2. , • 

6. Simidtaneous'exMiination for Sulph'lirons o^id Arstnious acids. If 
on adding iodine solution to the acid the iodine is decolorised, at least 
one of thtsc impurities is present. ^ • 

Should this be the ca.se, Ililger** recommends the addition of more 
iodiite dolutien till an excess is present; the ackl is then transferred to 
• * • 

' Cf. Blattner anft Brasseur, C/ieuu Znt.^ 1904, 28, 2gi. • 

- /. anal. Chem., 1889, 28, 699. \Jahesber. d. ekem. Tech., 1875, p.^445‘ 
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a test tube and a few pieftes of zinc added. The test tube' is loosely 
stoppered by a cork carrying a piece of silver nitrate paper; arsenic, if 
preSent, pi-oduccs a darkening of the paper, owing to, the arseniuretted 
hydrogen evolved'. Should no darkening occuri the original acid is 
tested for sulphurous acid by fiv.st precijiitating the sulphuric acid 
by means of barium chloride k'nd adding iodine solution to the filtrate 
till a coloration is produced; should sulphurous acid be present in 
"the original hydrochloric acid, a fuiHJier precipitation of barium sulphate 
will take place. ' 

7. Chlorine. No bkie coloration should result when i c.c. of the acid, 
diluted with viator, is added to 5 c.c. of very dilute freshly prepared 
starch solution to which a few drops of potassium iodide solution and 
a few drops of dilute sulphuric acid have betn added, by carrying out 
the test in this manner any blue coi'oration due to the presence of iodate 
in the potassium iodide would appear "before the addition of the 
hydrochloric acid to be tested. An alternative method of testing is to 
shake the acid in a closed flask with a perfectly clean, briglit piece of 
thin copper foil, first displacing the air in the flask by carbon dio-viide ; 
should chlorine be present, part of the copper goes into solution 
and may be detected by potassium ferrocyanide, :tc. For ordinary 
purposes it is sufficient to hold a piece of iodised starch paper in the 
vapours given off from the warmed acid ; an immediate blue coloration 
shows the presence of free chlorine. 

8. Selenium is detected by the Reinsch test and gives a similar stain 
on copper to that produced by arsenic; on heating the copper foil 
in a dry test tube a sublimate is obtained which dissolves in sulphuric 
acid with the formation of a brownish-green coloration.^ 

According to Reidemeister,- reddish-brown deposits of selenium arc 
sometimes found in roaster acid but never in pan acid. 

9. Determination of Hydrochloric acid. Ten c.c. of the acid, the sficcific 
gravity of which has been previously determined, is measured from an 
accurate pipette, diluted to 200 c.c. with water, and .0 c.c. cf this solution 
taken for the test; or about 1 g'. of the acid is.'accurately weighed in 
the bulb-tap pipette (Fig. 201, p. 463), allowed to flow into water, and the 
whole oCthc-solution so obtained taken for titeation. The diluted solution 
"is treated with sodium carbonate, free from chloride, until the reaction is 
neutral or very faintly'alkaline. This may be done rapidly and without 
appreciable loss, of acid by spirting, if sodium carbo’nate solution corre¬ 
sponding to the acid content, as determined from the specific gravity 
by the aid of the table given above (p. 517), be added from a bui'rttc. A 
little neutral potassium chromate solution is then added and the solution 
titrated with Nj 10 silver nitrate sV)lution until a distinct faint Vose 

s . . ■ ^ 

Drinkwater,y''/'>^i/z/’;-. d.chtnu Tfcii., 1884, p. 34*0. 

^ Gumming, Ilydrorhlouc And and Sallcakey 1913, p. 72. 
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coloration, which remains permanent on stirring, is produced {(f. p. 73). 
From the volume required, the usual deduction of the 0-2 c.c. necessary 
to produce the coiipri^tior^ must be mjide. The percentage of tICl ii/the 
acid is obtained by multiplying the number' of the? remaining c.c. Uy 
07292 and dividing by the specific gravity of the acid. , 

The titration may also be carried out by Volhard’s ijiethod (p. 74). 

• 'Should metallic chlorides be present,Ihc ^bove method will obviously 
lead to incorrect results ;,hnt ippr«iable quahtitles of such chlorides’ 
seldom occur. lA such sampfes the total acidity is determined, the 
sulphuric acid estimated as in 2, and dediictedifrom the total acidity. 
This*method may Tie employed, of cour.se, even in the absence of 
metallic chlorides. ’ 
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'the manufacture 6V sodium carbonate 

By J. T. Dunn, D.SL., F.I.p., Consulting' Chemist,^ Ncvvcnstle-on-Tync, 

‘ anti the late Professor G. LUNtUi r 

I. THE LEBLaNc soda PROCESS 
RAW MATERIALS 
I, Sai.tcakr 

Thu analytical cxaminaticin of saltcakc has alrcadr been described 
(p, 509 ct seq). 

2, CALCIU^r Cariionate 

This is employed in the form of limestone, chalk, or dried lime-mud, 
obtained either from the Chance process (see under “Soda Residues”) 
or from the causticising pans where the lime process is used. 

The analy.sis is generally confined to the determination of moisture, 
matter insoluble in hydrochloric acid, calcium, and, where ncces.sary, 
magnesium. Eull details are given under the manufacture of “ Bleaching 
powder” (p. 581). 


3. Mixing Slack 

As a rule, coal is employed for the black ash mi.xture, occasionally, 
however, lignite, wood, charcoal, coke, etc., are used. In taking the 
samples for analysis, the rules given on pp. 4 and 327 must be 
rigorously observed. The coal is usually examined for moi.sttirc, non- 
, volatile friatber, ash, sulphur, and nitrogen, 't'he methods of analysis are 
described in the section on “ Euel” (pp. 327-357). 

ti 

CONTROL OF WORKING CONDITION.S 
■' I. Black A.sii 

The black ash is te.sted daily for its percentage of free and total 
lime, arid for sulphide, sulphate, and carbonate of sodium; and at leSs 
frequent intervals for sodiL'm hydroxide and chloride. The deter- 
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mination of the tree lime is important, sitce it aids thi^ lixiviation 
by the disruptive action brought about by hydration, and unless a 
certain quantity.be present in the ball the lixiviati6n prqcess proceeds 
very slowly and'm^y be vyy inj;omplctc. The sodium* found as 
NajCOj, Na,,S, and NaOH is calculated to Na,,St)^, and the val-ae 
obtained added to that of the Na^SO., present as such,giving the total 
sodium expressed as Na„SO.(. Ijy comparing this value )vith the figure 
found fgr “ tijtal lime,” it is possible to c-iscertain from the analysis 
whether the correct propar^ioj* of saltcakc an’d lime has been used in 
the mixing. ^ ‘ 

The determinadoji of the variou.s cqnstitutnts is carried out as 
folloAs.^ Fifty g. of the average sample is rapidly, but thoroughly, 
ground in a mortar (in works it is oft^n possible to employ 
some rqechanical contrivance for this^purpose),and introduced 
into a 500 c.c. Ilask. Lukewarm distilled water, freed from 
carbonic ;tcid by previcjus boiling, is the* poured on the mass, 
which is thoroughly shaken at un.ce, and subsequently at 
intervals during two hours. lt<i.s importanj that the mixture 
should be thoriflighly shaken' at the start, otherwise the 
mass cakes to a solid block on the boltqm of the fla.sk and 
cannot then be broken up. • ' . 

1. Free Lime. —At the end of the two hours the flask is 
filled up to the 500 c.c. mark, and two portions, each of 5 
C.C., of the thoroughly mixed contents are taken for the 
estimation of free and total lime. For this purpose it is 
advisable to use a pipette, the outlet of which terminates 
abruptly, as shown in Fig. 205, in.stead of an ordinary 
pipette, the Jong narrow outlet tube of which is very apt to 
get blocked by the solid matter present. 

The frothy material on the outside of the pipette is 
vs^ashed off by means of,a wash-bottle, the contents emptied into a 
beaker and >he [lipcttc washed out with water. An excess of barium 
chloride solution and., a drop of {Jicjiolphthalcin solution are added, 
and the mixture titVated with A75 hydrochloric acid until the red 
coloration just vanishes^ liach l c.c. of the^ acid = 0 00561 g. CaO. 
Provided the shaking is eflmient, concordant results are obi'Sttltd. ^ 

2. Total Lime.—This determination is carried out’by first converting 
the lime into calcium chloride aniV th^n into*ealcium carbonate, in 
neutral solution, by addition of an excess of'iV/j sJdium carbonate 
solutiqii, the excess of this reagent being titrated back by Nj^ acid. 
Five c.c. of the thoroughly shaken !*olution, as u^jcd inuTer i, is treated 
in cj.small Erlenmeyer flask with a few c.c. of strong hydrochloric acid 
*nd tl*cn heated to»boilin’g until all gas has b(;cn expelled. A drop of 

• C/. Lunge, Sulptiiric Acid and Allah, vol. ii., p. ()<* J /. angew. CHem., 1890, 3, 57*- 
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methyl orange is added j.o the cooled solution, which is then exactly 
neutralised with sodium darbonate solution ; 30 to 40 c.c. of A'/s sodium 
carbonate is next added and the solution again heated to boiling. By 
this treatnent the whole of the calcyim is prccipitated'as calcium carbon¬ 
ade, together with a certain quantity of oxide of iron, alumina, and 
magnesia, but the quantity of thd three latter compounds is small and 
for the present purpose may be neglc^-tcd. The mixture is transferred 
to a 200 c.c. flask, the flask filled to the mark with water, and the 
excess of sodium carbonate dctcVminqd by titrating 100 c.c. of the 
filtered solution with iV/5 hydrochloric acid, using methyl orange as 
indicator. ‘ , 

If the number of c.c. of acid required = n, and 30 c.c. of sedium 
carbonate solution have been taken, the total calcium expressed as CaO 
is = (30-2«) X 0 00561, or,^exprcsscd as CaC(),„ = (30 - 2//) x o.-oiooi. 

The results obtained by these two tests are only approximate, 
owing to the impossibility of obtaining a really average sample; 
they .serve, however, as a guide, provided that they are made on the 
thoroughly mi.xcd turbid solution, '’’he same reservation holds for 
all the results obtained for black ash, and on tills account it is 
important to take the physical appearance of the ball into consideration. 

After the portions for the above tests have bcet'i taken, the 500 c.c. 
flask is well stoppered and allowed to stand until the solution has 
become perfectly clear, after which portions are withdrawn for the 
following determinations. 

3. Total available Alkali—Ten c.c., = r g. of black ash, is titrated 
cold with hydrochloric and methyl orange. This gives the total 
alkalinity, and is a measure of the Na.C'O;,, NaOH, and Na.jS. The 
quantity of Na.COj present is found by deducting the values found 
under 4 and 5 and is equal to 0-053 S- for each i c.c. of normal acid. 
Any error due to small amounts of alumina and silica may be neglected. 

4. Caustic Soda is determined by adding an excess of barium chloride 
solution (10 c.c. of a 10 per cent, solution of BaCl.^. 2H0O "/ill more than 
suffice) to 20 c.c. of the liquor contained in a too c.c. fiask, filling to 
the mark with boiling water, shaking and curi-:ing; the precipitate 
.settles well, the solution becoming clear after^ a few minute.s standing. 
Fifty c.e.-'W.'' the clear solution is pipetted 'off and titrated when cold 
with hydrochloric acid and methyl orange. The solution should not 
be filtered, because filter paper absorbs appreciable quantities of barium 
salts. A .simpler and-more exact method is to titrate the solution 
(10 c.c.) in presence of the precipitate, employing phenolphthalein as 
indicator, the colour change taking place when all alkali hydroxide is 
neutralised. Fach i c.c. of acid corresponds to 0-04001 g. NaO.H in 
I g., the weight of bjack ash tal<en. In this method any ""socliurji 
sulj^ide present is estim^J:cd as hydroxide; silica is present in 
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such extremely minute quantity that it daes not interfe||e with the 
determinafion^ though it may do so in Ihe finished caustic soda 
{cf. p. 566). . _ • . 

5. Sodium sulphide* —Ten c.c. jOf the solution is diluted to afjout 
200 c.c. with boiled air-free water, acidified with acetTc acid and titrated 
quickly with iodine solution, employitig starch solution as indicator. If 
Nj 10 iodine solution be used (12-^92 g. 1 per litr(^, each i f.c. = 0 003903 

Naj.Sj if tl'^c solution be made iq^to contain :^-252 g, I per litre, then 
each I c.c. = 0 001 g. Na,ii.» '|^ie more exact‘process, clue to Lcstellc, 
described under the analysis of the finished socTa ash, is unnecessary 
in testing black a^ A detailed inve.jtigati#n has been made by 
Mar»hlewski ’ on the estimation of sul[jliidc-su!phur.' • 

No 'account need be taken of otljpr sulphur compounHs, with the 
exception of sulphate ; ‘theif separation is dealt with under Soda Mother 
Liquors (p. S31). 

6. Sodium chloride.—1*011 j.c. of •the solution is neutralised as 
exactly as possible with nitric aci^, most conveniently by adding the 
same number of c.c. of normal .nitric acid ^63-02 g. HNO.j per litre) as 
were required of hyilrochlorio acid in test 3. The solution is then 
boiled until all sulphuretted hydrogen has been driven off, filtered from 
separated sulphur’and, aft*i* the addition of a little neutral potassium 
chromate solution, titrated with silver nitrate solution. Or nitric acid 
of any convenibnt strength may be added in excess and the solution 
rendered slightly* alkaline by addition of sodium carbonate or 
bicarbonate after all the sulphuretted hydrogen has been expelled. 
Volhard's method, using ammonium thiocyanate as indicator (p. 74), 
can also be employed, in which case it i.s not necessary to neutralise the 
excess of nitric acid. ICach 1 c.c. of iV'lo silver nitrate solution corre¬ 
sponds to 0005846 g. NaCl; a solution containing eajobl g. AgNOj 
per litre corresponds per i c.c. to O'OOi g. Najl.'l. 

■7. Sodium sulphate_jTwenty c.c. of the solutwn is acidified with 

hydrochloric»;icid, in iU)t too great excc.=s, heated to boiling, and a hot 
solution of barium cldoride a<ldccV .Should the bulk of precipitated 
barium sulphate Toe* Small, it ma)’ be at once transferred to and 
washed on the filter with hot water and^ ignited in a platinum 
crucible whilst still wet. Each one part liaSO,, correspomltr+o o-GoS^ 
parts Na.jSOj. * * 

• 2. V.\T LKA*0K . • . 

Specific gravity—The specific gravity is taken by the hydrometer, 
and necessarily in the warm soUrtion, since crystals separate on 
cooling. Lunge - has shown that if the temperature of the liquor 
be taken at the same tiihe a very close approximation to the^ amount 
' Z anal. Cfum., 1893, 32, 405. • - Chan, hut.y l88l, 4, 376. «• 
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of solid material in the liquor may be obtained since the percentage 
corresponds almost exactly with the percentage of'" pure sodium 
carbonate presentdn a sodium carbonate solution of the same specific 
gravity {cf. Tables, pp, 549 and 550). ’ a 

1 The chemical examination of the vat liquor includes the following 
determinations. It is best, and saves much time, to withdraw small 
portions (2 to, 5 c.c.) in accurate pippites from the non-dilutcd liquor 
for the tests. , 1 

1. Sodium carbonate —Two o.c, 1 ^ titrated with normal hydro¬ 
chloric acid. If methyl orange be emploj'cd as indicator, the solution is 
cooled by addition of'cold ryatcr. The number of c.c. found under 2, 
together with j',, of the number of c.c. found under 3, must be deducted 
from the volume required in thi.s. test. 

2. Caustic Soda. —Two or 5 c.c, is measured off and treated as 
described on p. 526. 

3. Sodium sulphide.— This is determined in 2 c.c. of tin; liquor as 
described on p. 527. Errors arising from the presence of other sulphur 
compounds may be neglected. 

4. Sodium sulphate —Two c.c. is examined as oiTp. 527. 

5. Total Sulphur —Five c.c. of the liquor is oxidised by addition 

of strong bleaching powder solution and'hydrochloric acid in excess, 
taking care that the solution smells strongly of chlorine. The solution 
is filtered and precipitated by barium chloride. ‘ 

6. Sodium chloride —'I'wo or 5 c.c. is neutralised as described 
on p. 527, and titrated. 

7. Sodium ferrocyanide—This may be determined by de Ilaen’s 
permanganate method, viz., precipitation as Prussian blue, decomposi¬ 
tion of this on the filter by sodium hydroxide solution, and titration of 
the re-formed sodium ferrocj'anide by permanganate. The following 
modification of Hurter’s copper sulphate method is, however, both better 
and quicker. In its original form ‘ the method had disadvantages 
which Lunge and .Schappi- have overcome by adding only so much 
bleach solution as is actually necessary for the o.xiflation. i'he improved 
method is carried out as follows. Twenty c.c. o'f the liquor, or more- 
in the case of a low evanide content, is acidified with hydrochloric 
acid an(V*ar .strong solution of bleaching powder added from a burette 
to the well-agitated liquor. A drop of the mixture is withdrawn from 
time to time ami added to a drop of ferric chloride, free from ferrous 
chloride, on a white plate. The oxidation of ferrocyanide to fcrricyanide 
is complete when the ferric chloride test gives only a brown solution 
free from lierhn blue- A drop of-bleaching powder in excess does not 
matter, but if too much has been taken or too large a volume of the 

Chem. NervSy 1S79, 'j9, 25 ; I.unge, SulfJiunt Acid and vul. ii., p. 672, 

- 2 Chem. Ind.'y 1881, 4, 370. ' 
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solution withdrawn for spotting, a fresh portion of the sampie is taken 
and nearly the full quantity of bleach solution required run in at once, 
only a few tests on the plate being then necessary. * . ^ 

N/io copper soAitVJn (Jontayiing g. Cu or 12-^86 g. crystallised 
copper sulphate per litre) is then added from a burette to the oxidisoef 
liquor, causing precipitation of yellow copijcr ferricyanide*Cu.)Fc3(CN)j.^. 
Fro^i time to time the solution is tested Ijy mixiqg a drop/of the turbid 
liquid with a drop of dilute lerrous )tulphatc soljition on a porcelain 
plate. The additio^n of the*c>)pyer solution is continued as long as the 
test gives the blue colour, due to the interaction of the ferrous sul¬ 
phate and sodium ferTcyanide, and until the cdlour produced on the 
plate Ifas a distinct reddish tinge. Wheh this stage has bee^n reached 
all the fcricyanide has been ^converted into the copi^er compound ; the 
red colour i.s due to the reduction of the yellow ferricyanide of copper 
to the red ferrocyanide by ,the ferrous sulphate. The reaction is 
finished as‘soon as the fir.st marhed reddening occurs, even though 
this disappears after a short tiine. Fach i c.c. of the copper solution 
should correspond to 0-01013 ff- N‘''4l''i;(CN)o; but later work' has 
shown that such i.s*not the case, and that the actual quantity is 0-0123 g. 

It is, however, advisable to .standardise tjie eopper solution directly 
with pure potassium fcrroc)'tmk:le. 

Zulkowsky" determines the ferroeyanide by adding the liquor to a 
boiling solution of zinc sulphate, acidified with sulphuric acid, until a 
blue colour is produced at the line of contact when a drop of the solution 
and a drop of ferric chloride arc placed a little distance apart on filter 
paper. The preeipitate has the eomposition :— 

• K|l'c(CN),;. 3/,ii,Ke(CN)„. izlip, 

• 

Zaloziecki" adds zinc carbonate to the solution to be tested, passes 
carbon dioxide through the hot solution, and-titrates a portion of the 
filtiBte with normal acid and methyl orange. The ferrocyanide present 
in the liquor is Calculated from the quantity of sodium carbonate formed 
according to the equ;iti|o<i:— •• 

2Na,Fe(CN)i;-f .FZuCO;, ~ 2/,ii.,l’e(CN),; + 4Na„CO,,. 

• » ■ • 

Should the liquor, as in the ca.se of vat liquor, be alkaline'DCTore the , 
addition of the zinc carbonate, the acid correspondjng to such alkalinity 
must be deducted freyn that used afterthcyibove treatrr«ent. 

The thiocyanate maybe determined appro:fimately *by Hurter’s. 
method, wjiich consists in first precipitating the ferrocyanide by addition 
of zinc chloride to the acidified liquor, filtering, and.then comparing the 
red cqlo^ation, produced on addition pf ferric chloride to the filtrate, with 

* 1 A./, 1^82,5,79. 188^, 249, lOS.* 

^ Z, angeio, Chem,^ i8yo, 3, 210*ind 301. ^ 
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a series pf standard solutions containing known quantities of thio¬ 
cyanate and ferric chloride. See also pp. 630 and 642.' 

8. Silica, Alumina, and Ferric oxide. Parnell’s method.'—One 
hundred c.c. of the liquor is treated with an CxcejSsef hydrochloric acid, 

considerable qfiantity of ammonium chloride solution added, followed 
by e.xcess of ammonia, and the sblution boiled until all smell of ammonia 
has disappeared. The precipitate settles well, and may be filtered and 
washed without difficulty. On (vashing with hot water it acquires a 
deep blue colour (owing to formation of Itrussian blue ?). The mi.xture 
of SiO.,, Al.jOj, and T'e,jO, is ignited and weighed. 

9. Carbonating Test—A considerable volyjne of the vat liquor is 
carbonated b / pissing a current of carbon dioxide through it, and J.ltered. 
The filtrate is evaporated to dryness and the residue tested for alkalinity, 
sodium sulphate, and sodium chloride. 

An example of the method of calculating the results and of the 
practical conclusions to be d'awn from the data obtained; is given in 
Lunge’s Sulphuric Acid and Alkali, vol. ii., jr. 674. 

3. CAKliONATMD Lk.iUORS 

These are examined in the same way as vat liquor. The contained 
bicarbonate is determined in addition. The determination of carbonic 
acid is performed mo.st accurately and quickly by the Lunge and 
Marchlewski method as modified by Lunge aiu? Rittcncr^ (p, 615), 
which is equally applicable for very large and for very small amounts 
of carbonic acid. I'ailing the apparatus necessary for this method, 
approximate results, sufficiently accurate for all practical purposes, 
may be obtained as follows. 

The carbonated liquor is titrated after cooling to nearly 0°, using 
phenolphthalcin as indicator with N\^ hy'drochloric acid until the 
red colour disappears. The other conditions, high concentration and 
a large percentage of sodium chloride, arc present af the start and 
are brought about during the tifration respectively. Methyl orange 
is then added and the titration continued until the change to pink 
occurs. If a c.c. of N\^ hydrochloric acid has been taken for the first 
titraticw,a\nd b c.c. for the second, then the number of c.c. corresponding 
to the constitue'nts of the liquor arc; b — a for the bicarbonate, la for 
the alkali pre.scnt as Na2C03,,and a-^b for the total alkali. The 
ratio of bicarbonate to carbonate can thus be readily calculated. 

Other methods for determining bicarbonate arc described under 
“ Bicarbonate ” (p. 569). 

The mother liquors resulting from the manufacture of soda crystals 
are examined in the same way as carbonated liquors. 

^ ^ Clum. hid ,, 1880, 3, 242 “ ungiw. 190G, I9, 1849. 
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4. Soda Mother LiqUors 

> 

Appreciable guantitjes of sodiunj sulphite and thiosul|j(iate Tnay 
occur in these liquefrs, in addition to sodium'sulphide, especially whjjn 
they are derived from non-carbonato*! liquors. 

The estimation of sulphidc-sulphin* is generally carried out by 
^x^elling the sulphuretted hydrogeyi \\^ith^acid and abs^orbing it by a 
suitable reagent. The detailed ccyVimunicaticJns of Marchlewski * and'* 
of Jannasch - give full inlormafion 011 this method: 

The determination is best mafic in a flashy provided with a tap- 
funngl reaching ncan'y to the bottom, njitf with an exit-tube connected 
with one or two ten-bulb tubes (Fij^. 193), fille^ with fiinmoniacal 
hydrogen peroxide, cither "free from sulphuric acid or in which the 
quantity of sulphuric acid present is known. The material is introduced 
into the flask; in the case’of a solid, it is covered with well-boiled 
water, and after the air has been expelled from the apparatus by a 
rapi^ current of hydrogen, hytlrochloric :icid, diluted wnth an equal 
volume of well-boiled water, is slowly adinittcd through the funnel. 
The solution is finally raised to gentle boiling, and hydrogen passed 
through for fifteen minutpi.^ The contents of the receiving tubes 
are then heated to boiling to complete the r)xidation, acidified with 
hydrochloric auid, and the sulphur precipitated as barium sulphate. 
Sodium hydroxidg solution, free from sulphate, may be employed 
instead of the ammoniacal hydrogen peroxide, and the absorbed sulphur 
ga.ses converted to sulphate by treating the solution with hydrochloric 
acid and bromine water and boiling until the excess of bromine has 
been* expelled. The hydrogen employed must be washed with an 
alkaline solutTon of lead acetate and then with water. 

In.stead of the above ab.sorbents iVjlo iodine .solution may be em¬ 
ployed, the first bulb-tube being filled with thi.s .solution, and the .second 
with an equ:J volume of A^/lO sodium thiosulphate solution, to catch 
any iodine carried forward. The tw;o solutions arc combined at the end 
of the experimenf, end the excess of thiosulphate determined by 
titration. The .sulphuretted hydrogen corresponding to the iodine 
taken up is calculated from*the equation :— 

\ 

ILS + L - 2HI + S. 

The presence oT carbonate in the lKjuors»docs ilot interfere iq 
any of these methods, but sulphites and thiosulphates will lead to error 
owing to*thc liberation of sulphur dig.xide. 

TJie following method ^ is well adapted to the rapid determitiation 

• 0 • ^ . • • 

• * Z. ai:a/. C/icm., 1893,*32, 403. - /.. iiunrg. ('I\m . l8y6, 12, 124, 1»4, 158. 

^ GrossmaTm, Chem, News, 1878, 37, 224 ; Z.^nuii. ihem., 1879, l8. ',9. ' 
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of sulphide^ sulphate, sulphite, and thiosulphate, when present together 
in solution. ^ 

1. The sulphate originally present is determined in one portion of 
the liquor." The ajr in the flask tis^d for precijM’tatiod is first displaced 
by'carbon dioxide, to prevent oxidation of the lower sulphur compounds 
present, the solution heated to, bofling, acidified witli hydrochloric acid, 
and the sulphate precipitated bv addition of barium chloride. 

2. A second portion is'acidifie<ll with acetic acid, diluted with air- 
free water, and titrated with iodinij, using'*' starch as indicator. This 
gives tlie Na2.S + Na,,§0,, + Na,jSo0,,. 

3. A third [)ortion treated with cadmium caiihonatc to remove the 
sulphide, fil.rere'd, the filtrate acidified with acetic acid and titratcd"with 
iodine. Thi.s gives'-the Na.,SO.,.and Na^SjO,, present. The difference 
between the readings obtained under 2 and 3 gives the Na„S. 

4. A fourth portion is o.xidised by bromine water or bleaching 
powder solution (p. 528), and the tota' sulphate estimated. From the 
value so obtained, the sulphate ■''ouncl under l and the sulphate 
corresponding to the sulphide present are deducted, If B reprc.sents 
the remaining sulphate, e-xpressed in g. Na^SO^, and derived from 
the sulphite and thiosulphate, and A the total sulphite and thio¬ 
sulphate found in test 3, expre.ssed in g. of iodine, the Na^^S^O^j 
pre.sent = (0741784B - 0'4I4C9<SA) g. and the Na^-SO.) = (o-CCmyA 

-o. 29 S 775 )g. 

Kalmann and .Spiiller' give the following process based on the 
behaviour of barium sulphite and barium thiosulphate towards water, 
the former being practically insoluble, whilst the latter is soluble in a 
large volume of water. 

{a) The total alkalinity is determined in a measured volume of the 
solution by titration with normal acid, using methyl orange as indicator. 
The acid required corresponds to the sum of the sodium carbonate, 
sodium sulphide, .sodium hydroxide, and half of the sodium sulphite 
present. 

(р) An equal volume of the liquor is acidified with dilute acetic acid 
and titrated with Nj\o iodine after the addition of starch solution. 
The iodine used corresponds to the sum of the sodium sulphide, sodium 
sulphite, ail'd sodmm thiosulphate present, 

(с) A portion of the solution, double the volume of that employed 
in test I, is treated with an alkaline zincate solution to precipitate 
the sulphide, and made up to a definite volume. One-half of this 
is then filtered off, acidified with acetic acid, and titrated with Njio 
iodine solution and starch. The iodine used corresponds to the 
sodium sulphite and sodium thiosulohate. 

{d) ..Excess of barium chloride is added to a larger portion of the 
' 1887, 264, 456. 
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liquor—th-ec or four times that used in test i—the solution'made up to 
a definite volume with well-boiled water, (he precipitate allowed to 
settle, and the solution then filtered. ’ , 

(a) One-third*oi»onc-quarlcr of<tlus solution is titrated with normal 
acid, the volume required corrcspoieling to the sodium hydroxicW^d 
sulphide present. • 

^ • (/ 3 ) A second onc-third, or c?ne-quai'tcr, is acidified Aith acetic acid 
and titrated tvith Nj\o iodine-solution. This gives tiie sulphide and* 
thiosulphate present. * ‘ • 

The calculation is as follows :—* 

f . t */ 

• b-dft c.c. Njio iodine solution, corresponding-to the Na.,S 03 


d(i - (/; 


- 6 - - 1 ! 
c) - C 


da - l/io J! D 
a - {da - ij^o A) -■ 15 


normal acid, 


Na,.S 
Na's.Oj 
Na'oil 
Na„CO<,. 


The following method for the determination of sulphite and thio- 
suliTliale, when present togetiicl, is due to -Kalmann.* In the reaction 
NaoSOj-fIj-fHj 0 = Na2S04-f2MI, acid is produced; in the reaction 
2 Na2S.20;j-f I.j= Nj.^S,,C 1 „-h 2NaI, the .solution remains neutral. The test 
is therefore carried out by allftwing the solution to be examined to flow 
from a burette jnto a measured volume of iodine solution until this is 
just decolorised, then adding methyl orange and titrating the acid 
formed in the iodine titration by Nj\o sodium hydroxide solution. 
The iodine equivalent of the sodium hydroxide used gives the sulphite, 
and the difference between this and the total iodine taken corresponds 
to the thiosulphate. This method of testing is, of course, only appli¬ 
cable in the-absence of carbonate or after any carbonate present has 
been exactly neutralised, which is not always easily accomplished. 

. Dobrincr and .Schranz'- state that only‘NajS and NaSH, or NajS 
a«id NaOH, and not all tlAce substances, can exist together in solution, 
and that thi.s*should be taken into account in calculating and stating 
the results of analys^.^ * • 

Autenrieth and Windaus’ separate sulphite and thiosulphate by 
addition of strontium nitrate, which precipitates the sulphite but leaves 
the thiosulphate in solution. According^ to experi^ments carried ou. 
in Lunge’s laboratory by Bruhns, the method g^ves u.scful if not (putc 
accurate results, aryd it may therefore be«recommendel^ more especially 
as it affords a direct separation of the two substances. 

FeVd,'* describes the following process for estimating,sulphur in all 
stages of oxidation, the method being more patticularly intended for 
liqu<Srs containing compounds of tl»e alkali earths. Free sulphur, which 

■ Ber., l887»20, 568. X. a\nv. C/iv«., 1896, 9,*45J. 

= X. anal. Chem., 1898, 37, 291. Chem. Jnd. 1898, 21, 372. 
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may be dissolved in the fhiosulphate or polysulphide present in the 
liquors, is extracted,by carbon disulphide and separated from the solvent 
by clistilkjtioh. The sulphuretted hydrogen^ is then driven off by 
distilling the liqua' with-magnesium cnloride in !i current of carbon 
dioxide (which makes the reactioi-^ quantitative) and collected in Njio 
iodine solution. For this test'three absorption vessels are employed ; 
two filled with*' iodine Solution,' an^d die third with Njio thiosulphitct 
"solution to retain ai'iy iodine caj-ried forward by the ga.s. The 
sulphuretted hydrogs-n liberated ma/ arise from monosulphide, 
polysulphide, or siilphy^lrate. Should polysulphide be present, sulphur 
separates out during the disTilljitioil with magneVlum chloride, apd is 
subsequently extracted from the residue by means of carbon bisulphide ; 
should sulphite also be present, a portion cf tho polysulphide sulphur 
may combine with this to form thicfsulphate. The residual liquor from 
the distillation is oxidised by yhe addition of iodine in exc;pss, which 
liberates sulphur from any sulphide of iron present, according to the 
equation :— 

2 FcS + 3 ITO + 61 - FojOj t- 2 S + 61TI, ' 

The liberated sulphur is extracted with,carbon birulphide as before. 
The thiosulphate, or rather the resulting tetrathionate, is decomposed 
by distilling the residue from the previous operation, or from a fresh 
portion oxidised by iodine, with aluminium and ,hydrochloric acid, 
and collecting the sulphuretted hydrogen evolved in iodine solution, 
as above. The conversion of the tetrathionate to sulphuretted hydrogen 
is quantitative, but additional sulphuretted hydrogen will, of course, 
be produced from any other polythionates present. Sulphurous- acid 
is determined by treatment with excess of mercuric chloride, which 
decomposes all the sulphur compounds with the exception of sulphite, 
followed by distillation with hydrochloric acid, and collecting the 
liberated sulphur dioxide in iodine solutionl ' 

The following method has been worked out by Lunge and J. H. 
Smith.^ The sulphate is determined by displacing tlie air in the pre¬ 
cipitating flask by carbon dioxide to prevent oxidation, heating the 
solution, j£(difying with hydrochloric aci-l,“and precipitating with 
barium chloride. 1 A second portion is diluted with air-free water 
acidified with acetic acid, and titrated with A710 iodine solution, 
running the apidificd .splution' from a burette into 'S measured volume 
of iodine solution until the iodine is decolorised, or running a measured 
volume from • i pipette into excess of iodine and determir.fhg the 
excess by titration with thiosulphate. A third portion, four times as 
large, is treated with zinc acetate Or cadmium carbonate to lerilove 
the sulphide, m,ado ujl to a definite volume, allowed to settle, anS 
' Chefn .^! n(Ly 1883, 6, 301. 
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one quarter of^ the solution titrated with iodine as abov6, whilst a 
second quarter is allowed to flow into a considerable excess of 
neutral permanganate solution; an acid solution of ferrous ^sulphate 
of known value in* tSrms of the permanganate solution then added 
and the excess of this finally titrated,back with permanganate. ?fw 
be the weight of sulphur as thiosulphate oxidised to sulphate by 
I, i?.c. of the permanganate solution • (according to 1;he equation 
3Na„S.p.i + 8]<*Mn04 + 1 r.,0 jNn,.SO, + 3 fe., 90 , + SM*nO., + 2KOH), 
then 2W is the weight of sulphiTr as sulphite similarly oxidised ; and if 
VV' be the weight of sulphur as thiositlphate convej;ted into tetrathionate 
by I j.c. of iodine solution, then AV'/^ iS the aveight pf sulphur as 
sulphite similarly converted into sulphate. If then j. given’volume of 
the solution reijuired \l c.cof permaflganatc solution, and an equal 
volume required V' c.c, of iodine sohifion, the sulphur as thiosulphate is 
given by l/j (8WV — W'V'), ahd that as sulphite by 2/7 (W'V' —WV). 

The quantity of sulphide preseht is found by deducting the value V' 
from the figure for the original iodine titration. 

This process lj,as been further tested by’Lunge and Sogallor' and 
found to give exactly the same results as are obtained by the method 
proposed by Richasdson ami Aykroyd,'^ who had, through incorrect 
manipulation, stated that the* Lunge-Smith method was inexact. 
Richardson and Aykroyd determine the sulphate by precipitating cold 
with barium chloride after addition of tartaric acid; a second portion 
is treated with iodine, and the acid produced by interaction with the 
sulphite titrated with methyl orange as indicator, exactly as described 
by Kalmann (p. 532). The sulphide-sulphur is determined in the 
ordinary manner. 

A very complete summary of the numerous earlier investigations on 
the action of potassium permanganate on thiosulphate, supplemented by 
further experiments, has been made by Dobbin,“‘from which he has drawn 
thc*following conclusions. When neutral solutions of thiosulphate and 
permanganate react in the cold, there results a dark brown, flocculcnt 
precipitate of variable tomposition, the solution remaining neutral, 'the 
quantity of permanganate necessary to produce a permanent coloration is 
less than that indicated l!y theory, assuming The thiosulphat'^ to be 
oxidised to sulphate, and the permanganate io be reduced to manganese 
dioxide. The brown precipitate alwaj^s containsimanganese in lower 
stages of oxidation tlfan MnO,,, in varying (Quantity, togethej- with traces 
of sulphur compounds. The solution separated from this precipitate 
always Attains tetrathionate in addition to sulphate, asid complete 
oxidation to sulphate cannot be effected even after prolonged boiling; 
otherssulohur compounds do not appear to be present. 

' J. Sac . Chcm . fiu !., I900, 19, 221. , ^ ^ 5 ;./., 1896,"IS, I?:. 

’ J , Sac. Chfm, In ,!., 190J, 20, 212. 
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( 

In vic\V of these results, it would appear that the accuracy of all the 
earlier methods fpr the separation of the various sulphur compounds 
must be called into question. 

^ Dobbin confirms the -stateme'nfr, frequently lost sight of, that barium 
sui'pbate is not altogether insol,ublc in the presence of thiosulphate, 
so that when thiosulphate ist present the sulphate determination is 
inexact. ' ' . 

' Sander' daterminer thiosulphate in presence of sulphide, by first 
finding the sum of fhe two by titration Vith iodine, then adding to 
another portion excess of mercuric chloride, .shaking till the dark pre¬ 
cipitate has (jecome''vhite,'adding ammonium'^hloride, and titrating 
the acid formed by means of Njio soda and methyl orange. The 
reactions with mercuric chloride are ^ 

2 Na.,S „03 + 3 HgCl.,-I- 2 ll .,0 4 IICI -I- 2 Na.,SO, + 2 HgS. llgc'l., 

2NajS + 3Hgri2 = 4NaCI-t2HgS.irgCI.,. 

From the alkali consumed, the iodine equivalent of the thiosulphate is 
calculated, and subtraction of this from the total iodine used givds that 
equivalent to the sulphide. Sulphites and thiosulphates together can 
be determined by the same reaction, combining it,,with llosshard and 
Grob’s method." The reactions of sulphites are 

N.! ,80,, -H IICl = NaCl + NuH-SOj '■ 

NaHSb,,-i-IIgCI, - N.iSO;,. HgCl + MCI. 

The sulphite is first determined by titration with hydrochloric acid and 
methyl orange, then excess of mercuric chloride is added, and the 
liberated acid titrated as above. Subttacting from the total acid that 
equivalent to the sulphite, the remainder is equivalent to the thio¬ 
sulphate. If sulphide, sulphite, and thiosulphate be all present, they 
can be rapidly determined as follows:—i. 10 to 20 c.c. of the solution 
is run into a meUsured excess of Njio iodine solution acidified with 
5 to 10 c.c. (measured) of N/lo hydrochloric acid,-and the excess iodine 
titrated with thiosulphate; this' gives total sulphide, sulphite, and 
thiosulphate. 2. The solution is now titrated with N/io caustic soda 
and me thy l orange ; subtracting the valu?^ of the acid added in i we 
* get the value of, the hydriqdic acid liberated by the sulphite, and can 
calculate the iodinetvalue of the sulphite. 3. The iodine value of 
the thiosulphatb can now be found with mercuric chloride as above, 
‘and that of the sulphide is then obtained by subtraction. 

The totaA sulphur and total oxidisable sulphur in sod.a mother > 
liquors arc also alwa'ys determined (c/. p. 538). 

^ C/lfm. XeU., 1915, 39, 045 ; /. Soc. Chem. Ind.^ IQIf), 35, i07. ^ 

^ fh*m. Zeit.y 19C3, 37, 465 ; /., .Sdc. Chem. hid.^ iQU, 32, 532. 'See also Wbber, Chem. 

1920, 44, 601. 

« ' 
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5. Vat Wastk, 

If it be not intended to recover the sulphur fronr vat wa^te, a 
determination of'tlte aAilahIp alkaji 'is usually con^dered sufficient; a 
test of the total alkali is made in ajldition from time to time. 
sulphur is to be recovered, the further cleterminatiofis of oxidisable 
,and total sulphur must alway.s* be made, although different methods 
of te.sting m.-ty be adopted according to tht’na,ture of t(je process in use^ 

o 

A. (The 7ton-oxi^iscd Alkali jVaste. 

One or two representative samples arc taken each 4 ay from the 
heaps of fresh waste, .-^nd jjlaccd in Urge, \vide-neA;ed, glass-stoppered 
bottle#. If the samples be exposed to the atmosphere until dry, 
and determinations made ®n the air-dried waste, very variable results 
are obtained, according to the extent*of oxidation undergone by the 
waste. Hence the waste is always examined in the moist condition 
ancf the res\ilts calculated od this basi.s* The percentage of water 
may be taken in round figures as 40; it is, however, determined 
directly when nefcsr^'-yr-,^ 

1. Available Soda—VVafton’s' modification of Lunge’s method is 
generally employed. 

Twenty g. of the waste is well stirred with from 150 to 200 c.c. of 
warm water and aflowed to stand for one hour; at the end of this time the 
clear liquor is decanted off and treated for five minutes with a current 
of carbon dioxide. On passing the gas the solution becomes at first 
doubly, but it clears later on as bicarbonate is formed and sulphuretted 
hydrogen evolved. This affords an indication that the whole of the 
calcium has been converted into bicarbonate. The solution is then 
cv.aporated to half its bulk or le.ss, filtered from calcium carbonate, and 
tiho filtrate titrated with normal acid, using methyl.orange as indicator. 
The filtratc’still contains calcium compounds, but only in the form of 
sulphate or other.npTjtral salt, whfeb exerts no appreciable influence. 
Watson found by this methoil only (1-025 cent, of soluble soda as 
an average of a series oi aqaly.scs extending aver a year. 

2. Total Soda (including insoluble Sjodium compounds; Lunged" 
method).— 17-71 g- of waste is heated in a porjelain or iron di.sh with 
sulphuric acid of sp. gr. 1-5 until the’waate is thoroughly disintegrated 
and the mixture has been transformed into a stiff pa'ste, when it is 
evapo/;iicd and all free sul|ihuric acid driven off by heating. Hot water 
is added to the residue, which is brtJkcn up with*a wooden spatula and 
transferred.to a 250 c.c. cylinder.. Pure milk of lime (prepared from 
Ordinary slaked lime by pouring off the first allialine aqueous extract) is 

1 y. Soc . C/iem. A/,/., 1890*9,1107. 
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added to neutralise the free acid and precipitate any magnesia present, 
the cylinder filled tp the 25'o c.c. mark and the liquid allowed to settle. 
Fifty, c.c. of the clear solution is pipetted off, treated with lo c.c. of 
saturated Barium hjjdroxidc solution, filtered throug'n ii dry filter paper, 
anS yg.c.c. of the filtrate treated wi,th carbon dioxide till all the baryta 
is precipitated and, after filtration, titrated with normal acid. Each 
I c.c. of normal'acid conesponds to i per cent. Na^O when the above, 
“quantities are taken, this .fiictor including allowance for the volume of 
the waste. „ i. ‘ ' 

3. Total Sulphur. —Two g. of tlie waste is treated with excess of 
strong bleaching powder solution and hydrochloric acid, to convert all 
sulphur to sulphate,.the mixture filtered, and the sulphate determined 
by addition of barium chloride to\:he filtrate< C?re must be taken that 
the solution smells strongly of chlorine after the oxidation. 

4. Oxidisable Sulphur —-This is arrived at by difference, by 
c.stimating the sulphur originally present as sulphate in the waste 
and deducting the value so obtainey from the total sulphur obtained 
under tost 3. Two g. of the waste is boiled with hydrochloric acid, 
filtered, the insoluble matter washed with dilute hydrochloric acid, 
the filtrate nearly neutralised' by additionf'o°'’(-Wie rodium carbonate 
and precipitated by barium chloride. 

11 . 77 / 6 ’ Cltaiicc-Claiis Sulphur Recovery Rrocess} 

1. Sulphur present as Sulphide. —The apparatus employed consists 
of a flask fitted with a tap-funnel and gas-exit tube, the latter being 
connected with an absorption vessel, such as that shown in Fig."193 
(p. 408), charged with a solution of alkali hydroxide anti preferably 
connected with an aspirator. Two g, of the waste and a small 
quantity of water are introduced into the fiask, and hydrochloric 
acid, diluted with ameqiial volume of water, gifadually run in from thh 
funnel until decomposition is complete. The solution is then boiled to 
drive‘off the whole of the gas, m'uc'lr water bein*rc;!rried forward and 
condensed in the absorption vessel during the operation. When about 
one-third of the water hasUeen evaporated and file two-thirds remaining 
ih the flask are bpiling hot,i(the funnel tap is opened, the apparatus 
allowed to cool, and thq, contents of the absorption vessel transferred to 
a 500 c.c. flask apd mad^e up to this volume. An ‘aliquot part of the 
sdlution is taken, diluted considerably with well-boiled water, neutralised 
with acetic acick and titrated with jV/jo iodine solution, each V c.c. of 
which = o-ooi6 g. S. (<^/. also p. 53Tfor estimation of sulphide-sulphur.) 

2. Sulphur present as Sulphide'in Carbonated mud.^Siw g.* is 

^ Cf. LuTige, Z. atifpegv. Chem\^ 1890,^3, 573. For a description of the <,'Process, see Lunge’s 
^•SttJ^huric Acul and Alkah^ vol. ii., p. 945. 
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taken for the analysis, which is otherwise carried out exactly as under 
test 1. ' , 

3. Sulphide - sulphur j and Carbonic acid in vat waste. — this 
determination is but’seldom made. • "/he apparatus irequireef consisj^s 
of a small flask fitted with a tap-funnpl and connected with a U'-'-ij’be 
filled with anhydrous copper sulphate, to»absorb any hydrochloric acid 
thaf passes over, and a sufficiently Ijirgt numbtr of caliium chloride 
tubes to dry the gas. Beyo^id tthe^drying tubes’two potash bulbs arc 
provided and thesb arc in turn connected witK a weighed calcium 
chloride tube. Two ,g. of the waste togetheij^with some water is 
introduced into the flask and a current of nitrogen then passed through 
the apparatus. The waste is decompo.scd by hydjjochloril acid, the 
solution ^ boiled, and al> sulphuretted’hydregen and carbon dioxide 
carried forward to the absorption fubes by the current of nitrogen, 
which is continued for a considerable tiutc. The gain in weight of 
the potash bulbs and final calcium chloride tube gives the weight of 
CO2 ^nd II^S contained in thq waste. The 1 I.„S is determined by 
treating the pota«sium hydroxide solution 'as described above under 
test I, and the CO,; obtained by taking the difference between the two 

determinations. * '"T'' 

' • 

4. Sulphur present as Sulphide in solutions of calcium sulphide 
or sodium sulphide. — Ten c.c. is diluted to 250 c.c., an aliquot 
part of this diluted with a large volume of air-free water, acidified 
with acetic acid, and titrated as under i. Should thiosulphate be 
present, it is estimated as under 5 and deducted from the total. 
Should polysulphide be prc.sent, only the sulphur liberated as 
sulphuretted hydrogen and not that precipitated by addition of acid 
is shown by tfiis method. 

Averitt* dilute.s 5 to 20 g. of the sample to 200 c.c., runs 10 c.c. 
into- a 200 c.c. conical flask containing 15 c.c. of water, and titrates 
rapidly with I^jio iodine, with constant shaking, till the polysulphide 
yellow almost disappears, then adds a small crystal of nitroprusside, 
and continues the tRratjon till the disajapearance of the purple colbur. 
This gives the sulphide, and further titration till the liquid is tinted 
by iodine (or till adderf* sturch turns blue) "gives the thioijulphate 
present. ’ 1 ' 

5. Soda, Lime, and Thiosulphate in sulphuv liquors. —The total 
alkalinity (CaO + Na’ljO) is determined by'titratipg 5 c.c. of the liquor 
with hydrochloric acid, using methyl orange as indicator. A second 
portion o? 50 c.c. is treated with carbon dioxide to drive off all the 
sulphuretted hydrogen (tested by lead paper), the solution boiled to 
de^oihpJse the calciuiji bicarbonate,' 3 iluted to 500 c.c., allowed to settle, 
and 50 c.c of the clear solution titrated as abdve, the acid required 

^ /, Ind, Eng. Chem.^ 19*6, 8, 623 ; ^nalyst^ *9*6, 41, 288. 
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representifig the Na^O present. The CaO is obtained as the difference 
of the two titrations. '■ 

A further portion of the carbonated liquor is titrated for thiosulphate 
by iodine sqUition,-I c.c. orwhich s:0-000412'-g.'S as Na.^S303. 

'The separation of the various ^sulphur compounds has been described 
above (p. 531 « 

6 . Lime-ldln gases —The carboii dioxide is estimated in any forpi 
of gas burette.or in sn O'rsat apparatus (Fig. 149, p. 272); the latter 
allows the oxygen tq be determined at Vhi same time.' 

7 - Gas from the Gas-holder. —The sulphuretted hydrogen and 
carbon dioxide toget^ior are'estimated as in test '3. 

{b) Thasulphuretted hydrogen is determined in a wide-necked flask 
of known capacity, say about jeJo c.c. The flask is fitted with a double 
bored rubber stopper through which pass two glass tubes, ’the one 
reaching nearly to the bottom^ of the fla^c, and the second ending just 
below the stopper. Both tubes are’ provided with taps outside the 
flask. The gas to be examined Is passed through the flask until all 
air has been expelled; 2o or 25 c.c. of normal spdium hydroxide 
solution is then admitted through one of the taps, and after thorough 
shaking the liquor is poured off, the flapy-'i,-t-li washed out, and the 
liquor and washings made up to a known volume. An aliquot part 
of the solution is then diluted with a large volume of air-free water, 
acidified with acetic acid and titrated with iodine.. It is advisable to 
use an iodine solution containing ii'463 g. I per litre, since i c.c. of 
such a solution corresponds to i c.c, ITS measured at o" and 760 mm. 
pressure; i c.c. of AVio iodine corresponds to mo8 (or with sufficient 
approach to accuracy i-i) c.c. of lioS at o” and 760 mm. 

Lunge and Rittener’s method {cf. p. 615) can al.so 'be applied to 
the analysis of mixtures of carbon dioxide and sulphuretted hydrogen. 
The two gases are absbrbed together by sodium hydroxide, and an 
aliquot part of thb solution then transfcrrbd to a second burette and 
run into a measured volume of Nj\o iodine solution, the excess of 
which is titrated back after the tcaction. 1 „ '• 

8 . Exit Gases from the Claus kiln —These gases contain small 
amounts of sulphuretted hydrogen and su<plfur dioxide, both of which 
‘ compounds by inlcraction \\flth iodine solution give rise to twn molecules 
of hydriodic acid foi' each atom of sulphur present; but whilst the 
sulphuretted .hydrogen does dot cause any further irtcrease in the acidity, 
the sulphur dioxide gives rise to an equivalent of sulphuric acid. The 
sum of lIjS-1-60.2 is consequently measured by determining tin:'quantity 
of iodine converted into hydriodic acid, and the sulphur dioxide by 
the determination of the acidity 'remaining after the hydrioJic acid 
thus^ formed ha^ been neutralised. Since, however, ^hc passage ot a 
* See Block, Z. \^er. deul, Zmkerml.^ 1920, p. 223. 
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large volume of gas through iodine solution volatilises a portion of the 
iodine, it is necessary to insert a vessel containing sodium hydroxide ori 
preferably, sodium thiosulphate solution. One or more litres of thecas 
are aspirated through 50 c*c. of A'/1o jodine solution contained m a bulb- 
tube (Fig. 193, p. 408), followed by a similar tube filled with 50 c.cucif 
Njio sodium thiosulphate solution. Vfheji the operation’is finished, the 
contents of the two tubes are em^Jtied into a beaker and,titrated with 
Nj\o iodnne solution and star(;h; tl’c nunfber pf c.c. required ( = w) • 
multiplied by 000,1603 gi^eS the t6tal sulphur present as SOj-l-IljS. 
The blue coloration is then removied by atldition of a drop of thio¬ 
sulphate solution, methyl orange added, aqd the’ 4 iolution titrated with 
A^/io*sodium hydroxide. If the number of c.c. necessary tq neutralise 
the solution be called, m, fhen tn x ,001603 givt^ the quantity of 
sulphur present as SO^, and (« —w) x.'001603 present as lI.jS. 


11 . TIIF AMMONIA-.SODA PKOCF-SS. 
' KAW MATEK1AI,.S 


1. Rock-salt aifd Hr‘lne',(t/, P- Soi rt 

2 . Gas liquor, Ammonium sulphate, and other Ammonium salts 
arc treated of m Vol. III., under the section “Ammonia,” and are 
examined as there.de.scribed. 

3. Limestone (r/i p. 5<Si). 

4. Quick Lime is analysed as described under Elcaching powder. 


icoke) 


CONTROL OK WORKINO CONDITIONS 

• • 

I. Ammorfiacal Brine. 

(u) Sodiuvi chlorjdi'.'^ The solutiJn is acidified by nitric acid, and-the 
sodium chloride estimated by Volhard’s method (p. 74), or by titra¬ 
tion in the neutral or faintly alkaline solution as described on pp. 73 
and 504. ( 

(/;) Free and condnned Ammonia. Ten c.c. of fhe solution is diluted 
to about 100 c.c. with water and boilccl in*a distilling fl^sk until all free 
ammonia and ammonium carbonate have been distilled info a measured 
volume-oi normal hydrochloric acid, the excess of which^is determined 
by titration. When this has been 'done sodium hydroxide solution 
is aitde.d to. the residue ,in the distilling flask and the distillation 
cfflitinued until all Ihe combined ammonia h^s been liberated and 
absorbed in a further quantity of normal aiid. ’ 
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2. Bicarbonate vessels (Carbonators). — Free and combined 
ammonia arc determined as under i. 

3. Mother liquors. 

(a) Fret'atui co!/ibi?/ed Ai/imyiiir, as ahoya ,, 

' Unchanged Sodium chloride. Tcii c.c, is evaporated in a platinum 
disnj'thc residue ignited to drive iff all ammonium chloride, and weighed. 

4. Bicarbonate. ' . 

(ii) Total Alkalinity {cf p. 570 ct , 

{li) Carbon'dio.X'ide (cf p. 570 ct ccq.')^.^ , 

(t) Moisture, deferminctl by ignition, the carbonic acid found 
under [ii) and the coi\v spending water from bicarbonate being deducted. 

5. Ammonia ’distiliation. ' 

[a) Free andcyhined Ammonia, in the mother liquor, as above, under 
I {b). ^ \ 

(J>) Milk of Lime, as under bleaching powder, p. 583. 

(f) Excess of Lime in the stills. One hundred c.c. is boiled until all 
the ammonia has been driven off, ammonium .sulphate is then added 
and the boiling continued.^ The ammonia so liberated corresponds to 
the excess of lime present; it is absorbed in normal afeid, and titrated. 

6. Lime-kiln gas. —IJete/mination of carbon dioxide {cf. p. 540). 

7. Analysis of the Finished Product, 'as clScriiyed under “ Finished 
Soda Froducts,” p. 548. 


ill. .MANUFACTURIC OF CAUSTIC SODA 

The methods described are restricted to those relating to the manu¬ 
facture of caustic soda by the lime process; the methods involved in 
the Luwig process (causticising by ferric oxide), follow naturally from 
the former. The analyijis of the liquors obtained in the electrolytic 
processes is referred to on p. 544. 

A . Caus:''I(!;i.si;j) Liququ 

Thi.s liquor is examined in the same way as the vat liquors of the 
Leblanq process (p. 527 et scq.)] as a rule, bnly the specific gravity, 
' total alkalinity, S(}dium carbUnate, and sulphur compounds are estimated. 
A table showing the percentage of sodium hydroxide corresponding to 
various specijlc<,gravit^c.s is given under Caustic Setda, p. 565. 

l>. FisiiKi) Salts 

The fished salts froip the strong liquors consist e.ssenti;illy o^f rtjono- 
hydrated sodium carbonate .and anhydrous sulphate; those fished frflm 
jA'ealfer liquors cUntain the .‘Mine two salts in the hydrated condition. 
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‘ ' ' 

For analysis, 50 g. of the salts are dissolved in water apd made up 
to 1000 c.c. » , 

1. Total Alkalinity is determined in 20 c.c. of the solution, exactly 

as in the case of jaystic»soda (p. 566), ♦ 

2. Sodium chloride. —TWenty c.c. is treated with nitric ac^d- in 
excess, boiled to decompose sulphur compounds, and Altered ii neces¬ 
sary ; after neutralisinj^ the excess of nitric acid with soejium carbonate, 
■the solytion .is titrated with silvci nitrate solution as described on, 
pp. 73 and 504. ^ 

3. Sodium sulphate. —Twenty c.c. is aciditied with hydrochloric 
acid, and hot barium chloride solution addled to^nc boiling solution. 

V. Sodium sulphate from oxidisable sulphur compounds (sodium 
sulphite and thiosulphate). — Twenty c.c. of the-*.solution is treated 
with bleaching powder solution in excess, followed by hydrochloric acid, 
until the solution acquires ,an acid reaction and smells distinctly of 
chlorine (./ p. 528). Barium chlf,)ride ii^'then added and the prcciiiitated 
barium .sulphate collected and wcigjied. From the weight so obtained 
the .weight of barium sulphate abtained in Jest 3 must be deducted. 


C. tlAUSTic “Bottoms” 

, 

Caustic bottoms are e.xannned for insoluble matter, total alkalinity, 
and sodium carbonate. 

I. Insoluble matter —Twenty g. of the sample is dissolved in 
water, and the .solution filtered into a 5C1O c.c. flask. The insoluble 
matter is well washed, burnt whilst still moist in a platinum crucible, 
ignited, and weighed. 

A Total Alkalinity. —The filtered solution is made up to the 
500 c.c. ma?k, and 50 c.c. is titrated hot with normal hydrochloric 
acid, using phenolphthalein as indicator. Methyl orange is not suitable 
owing to the presence of aluiuina, the quantity of which may amount 
te 2 or 3 per cent.' “ ’ 

3. Sodium carbonate is determined as described under Caustic Soda 
(p. sC;). 

1 ). Li.Mt; Mud 


The lime mud is e.xamined for sodium hydroxide and sodiiiip 
carbonate, free lime, and calcium carbonate. ' 

I. Total Soda.— Ammonium caitboujitc is added., to the mud and 
the mixture evaporated to dryness to decompose all ilusBlublc sodium 
compoynds. The operation is repeated, the whole of the ammonium 
carbonate driven off, the residue washed with hot^watcr, rtltered, and the 
filtrate titrated for alkalinity. Thi^ result is best expressed in terms of 
Wa„*0 \o-03i g. pei» i c.iS. normal acid), although the sodium found 
* * Lunge, Z. (.'hem., i&yo, 3 > 30o. 
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may originally have been present partly as hydroxide and partly 
as carbonate. i 

2 . Caustic Lithe. —The mud is titrated with normal hydrochloric 

acid, employing phcnolphthalein^.as indicator; as ftcrcribed on p. 525. 
Fro.'ji the result olttained, the value found under test i, so far as this 
repres&nts sodir.m hydroxide, mu.l.t be deducted ; no appreciable error 
will be introduced if the amount to be deducted is assumed as equal 
to half the value found„undcr i. ' , , ' 

3. Calcium carbonate.—The total calcium is determined by titrating 

with acid and methyl'orange and the caustic lime found under test 2 
deducted from the tot\i^',' , , V 

IV. IcLKCTROLYTlC ALkAlI ' LIQUORS 

The methods of analysis are the ,samc, so far as the wOrhs tests 
are concerned, for both potash and soda solutions. In the case ol 
potassium compounds a determination of the potassium in the finished 
product should, of course, be made; for this purpo'.'ic the methods 
described in the section “Potassium Salts^’ Vpl. II., arc applicable. 
I'or the sake of brevity the expressions ■sodium carbonate, caustic 
soda, sodium chloride, etc, are to be taken to include the corresponding 
potassium compounds, when potassium compound.s' are the raw 
materials. ' 

The essential i>roduct.s found in the liquors produced in the elec¬ 
trolysis of sodium chloride arc :—-sodium hydroxide, sodium carbonate, 
sodium chloride, sodium hypochlorite, and sodium chlorate. 

These arc the same as those found in “ Eau dc Javql,” the com¬ 
mercial bleaching solution iii which sodium is the base, though the 
proportions arc very different in the two ca.se.s. The same methods 
of analysis are, horj ever, applicable in both Instances ; these are givqn 
in the section dealing with Bleaching compounds (p. 610).' 


V. CRUDE EU.SED SODA OF TIJE CELLULOSE 
V. ‘ • , INDUSTRY* 

V ' 

By this namc;^ is understi^od .the product which results when the 
waste alkaline liquors obtained in the manufacture of cellulose from 
wood or straw by the “sulphite process ” arc, after addition of sodium 
sulphate, evaporated po dryness and calcined. The product consists 
essentially of carbonate, hydroxidy, silicate, sulphide, sulphite ..and 
sulphate of sodium, but contains, in addition to theee, small amoVints f.f 

^ Cf. angew. Chem., 1901^14, II02 ; /. iioc. Chem. ImL^ I901* 20, 1231. 
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• I I 

sodium chloride, iron oxide, lime, magnesia, and alumina, ^ince these 
latter substanfes are without influence on^the process, the amount 
present is seldom determined. A correct knowledge of the composition 
of the crude fused ,soda» (recovered .'oda) is essential to tte pfoper 
carrying out of the boiling operation, and indicates'which constituents 
are to be removed and which to he added for sucecssful wflfking. 
Although the substances actually»prcsenf in this product arc the same 
as those in I.cblanc black ash^ the firoporUions differ cun.siderably, for „ 
crude fused soda contains ver^ la.'ge quantities of sulphide and also 
marked quantities of silicate, especially when straw has been treated. 

The methods empfoyed for the determinatio*, ?if the extremely small 
percAitagcs of sulphide and silicate pre.ient in lieblahc liquors, although 
sufficiently exact for such purposc.s, aj'e not direc^yy applicable to the 
analysi ■ of the wood-pulp product,^and, as Lunge and Lohdfer' have 
shown, may easily lead to wholly unreliable results. A consideration of 
special infportance is the fact tjiat th« separation of carbonate and 
hydroxide by means of barium chlor'de is quite impossible iu the presence 
of sificate ; thus from a solutioifof sodium ijietasilicatc only a portion of 
the silica (50-Ccf per cent.) is precipitated, even in the presence of a 
very large excess cjf tlje rc.as'cnt. As the.result of their investigations. 
Lunge and Lohofer rccommead the following method for determining 
the chief constituents of crude fused sodium carbonate. 

Fifty g. of the average sample i.s dissolved by continued shaking 
with 500 c.c. of Writer free from air and carbon dioxide. Solution is 
effected in a litre flask at a temperature of 45", and the solution is 
cooled and diluted to tooo c.c. before taking portions for anal)'sis. 

I. Insoluble matter is determined in the usual manner, by treating 
a portion of. the sample with water, filtering, washing, and drying the 
residue. 

2- Alkalinity.—Twenty c.c. (= i g. substance) is titrated with normal 
hydrochloric acid and phenolphthalcin till the. solution becomes 
colourless, when methyl orange is added and the titration continued 
until the change to red takes placa;. , The number of c.c. required for 
each of these stages is‘noted. The titration must be carried out in the 
cold solution, and the Ijcst results arc obtained if the temperature is 

not much higher than o*C. (if. p. 530). The solutian,‘which is 

originally colourless, assumes a very faint )-clloi^ tinge when the 
colour change with phenolphthalein k reached; on fyrthcr addition of 

acid the solution becomes strongly yellow ^nd niilhy sulphur is 

deposited ; but the colour change with methyl orange is quite distinct. 

3. Sulphide and Sulphite- — Twenty c.c. i g.* substance) is 
diluted to about 200 c.c. with air-^rec water, acidified with acetic acid 
a«d rapidly titrated* with' Njio iodine solution, using starch ^laste as 
‘ an^ei* Chem.^ 1901, I4, 1125 ; J, Sth. T/ifw. /«,/., 1902, fl, 70. • 
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indicator. The sulphide present is found by deducting from the value 
so obtained the equivalent of the sulphite found under 4. 

As there's a risk of loss of sulphuretted hydrogen when the titration 
is carried out in an acidified solution, Conroy' recommends adding the 
sulijhide liquor either to a measured volulne of an acidified Nj 10 iodine 
solution until the latter is decolhrised, or adding a definite volume 
to an excess ^of iodine .solulion and titrating back with sodium 
thiosulphate, 

4 - Sulphite.— The sulphide pro'cnt is precipitated by adding a 
solution of sodium zincatc (prepared by adding .sodium hydroxide 
solution to a solutionN)." zinc acetate until the precipitate first formed 
redissolves) to' 100 c.c. of the solution, the whole made up to 250 c.c. 
and filtered through a dry filter paper. Fifty c.c. of the filtrate 
(=i g. substance) is acidified with acetic acid'and titrated as above 
with Nj 10 iodine solution and starch, the iodine required corresponding 
to the sulphite present. ' 

5. Silicate.—Twenty c.c. of the solution is treated with excc.ss of 
hydrochloric acid, evaporated to dryness, and the silica estimated 
gravimetrically in the usual way. One part Si02 = 2'032 parts Na.SiOj. 
It is best to add the hydrochloric acid in an atmosphere of carbon 
dioxide, excluding air as far as possible, thus preventing oxidation of 
the sulphuretted hydrogen and sulphur dioxide, so that the filtrate 
from the silica may be available for the determination of sulphate. 

6 . Sulphate is determined as barium sulphate by the addition of 
barium chloride to the acidified filtrate from the silica determination. 
This method is only exact provided all oxidation has been excluded 
during the addition of the hydrochloric acid in 5. Further, incorrect 
results are obtained when relatively large quantities of thiosulphate 
are present, but this point has little bearing on the analysis of wood- 
pulp soda, as thiosulphate is not likely to be present in the fresh 
material. 

The calculation of the quantities of the various constituents present 
is mqst easily carried out by compa-ing the cqu'i'alents of the normal 
solutions employed, as will be evident from the tollowing example of 
an actual analysis 

I, Insoluble matter. 

(a) 10.0039 substance gave 1.0836 g. residue. 

(/-) iq.ftooo g. ,, 1.0805 g. 

Wejght of Ignited Residue. 

(a) 1. 0000 g., thus giving 0.0836 g. carbonaceous matter. , 

{l>) 0.9904 g „ P.0901 g. „ 

‘ Private commiinicalion. ‘ i 

* Cf. Richardson and Aykroyd, /. Sot. Chem, huL, 1896, 15, 171 ; Annual Report on Alkali^ eic.y 
'1899, p. 47 ; also, Dobbin,y. off. them. Ind.y 1891, 10, 3 l 8 . 
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I • 

2. Alkalinity in c.c. iV/s HCl. 

Withn^henolphthalein, 49.39; 49.33; mean, 49.36 c.c. 
„ methyl orange, 76.74; 76.74; mean, 76.7*1.0.0. . 


3. N.a,S + Na,SO,. , . ^ ^ 

40.23 c.c. J I Mean, 40.25 c.c. iV/io I. 

40.27 c.c. Yv/io I J * • 


Na.SO.,. , • 

0.40 c.c. jV/iO I 1 ,, • 

• J } .Mean, 0.40 c.c. jV, 10 I.. 

0.40 c.c. JVjio 1 ) . ^ < I • 

5. Na,SiO., • * ' . 

0.0699 (,• SiO,. I o.ojoo g. Si^),.. 

, 0.0701 g. SiO. I * ". * 

6. Na,SO,. 

°-°.‘i 36 g. \ Mean, 0.0^35 g. BaSO,. 

°-°534 g- liabO,, J ' 


CalctihUioH. 
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1 «.c. A'/s llCl corresponds to o.eiod g. NaX^), and to o.ooSo g. NaOH. 
I c.c. A710 I • ,, 0.0039 g. Na.jS n 0.0063 g. Na.jSOj. 

1 g. SiO^ ,, 2.o2cS g. Na.Sit);,. 

I g. Naj.SiOj • •„ S1.63 c.c. 4V/5 HCl. 

I g. BaSO| „ '0.6089 g. Na^SO,,. 

The 76.74 c.c. 4V/5 1 K .11 with methyl orange correspond to the 
NajCO.j -I- IJaOH -I- Na_,SiO, 4 Na^S + 1/2 Na^SO., present. 

The 49.36 c.c. vV/5 llCl with phenolphthalcin correspond to the:— 

NaOl I + Na.jSiOj + 1/2 Na^S + 1/2 Na_,CO„ pre.scnt. 

[76.74-0.10 (for 1/2 NajSO,,)] - 49.36 - 27.28 c.c. 7V/5 IlCl. 

2 X 27.28 - 54.56 c.c. jV/5 HCl = NaS + NaUO.j. 

40.25 c.c. A710 I - Na.S -t- NajSO... 

40.25 - 0.40 --39.85 c.c. Af ro Ij- Na^S. 
o.4c^c.c. A^i o I -- Na.SO... , 

*54.56 - ^ c.c. yv/s 1 ICl - Na.CO., 

49.36 - 27.25 * 22.08 c.c. aVj 5 HCl = NaOH 4 Na,SiO,.. 


I g. substance, therefore,4;oi4ains :— 


(- 


Na.CO, 

Na'sid-i 

NaOII 
ila.,S 
Na^.SO, 

Na.jSsO| 

Insoluble matter 


34.64 X o.oiot) 
0.0700 X 2.028 ' 

ti.59 c.c. 5t(i5 tlCl) ^ 
(22.08 - 11.59) X 0.008 
39.95 X 0.0039 
o..to ^ 0.0063 
0.05315 X 0.6089 
Residue -4 ro 


^of which the carbonaceous matter -= 


0-^672 g. 
o. r420 g. 

• ^ 

0.0839 g- 
°-tS5i g- 
0.0025 g- 
0.0326 g. 
O.J081 g. 
0.0^86 g.) 
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VI. FINISHEO PRODUCTS OF THE SODA INDUSTRY 

4 . 

. f / - / 

^ The various 'products of the' martufacture are: soda ash, soda 
crysUils, crysjal caivbonatc, caMstic soda, sesquicarbonate and bi¬ 
carbonate, together with an' interiT\ediatc product known as cau.stic 
ash; the method of 'anajy.si.s of the last does not call fpr special 
comment. ' ' ' 

The individual 'products vary somewhat ill their properties 
according to the iV.q'hod of manufacture. i-Thus, for example, a 
non-carbonatcd ash v.nadc' by the Leblanc process may crrntain 
both caustic soda^and sodium sulphide, whilst the presence of these 
compounds is practically'’impossible in the ploduct of the ammonia- 
soda process. The chief impurity of Leblanc .soda, according to per¬ 
centage, is sodium sul[)hatc, whilst in ammonia-soda the chief impurity 
is chloride. Commercial bicarbonate prepared by the ammonia-soda 
process may contain a small percentage of ammonia, whilst in bicarbon¬ 
ate prepared from soda crystals, ammonia is never present. Generally 
speaking, however, the same methods arc adopted for the examination 
of any individual product, irrespective 'of its ohigin. Any special 
characteristics of importance dependent on the process of manufacture 
will be referred to in the description of the methods of analysis 
employed. • 

Special attention should be paid to the methods of sampling given 
on p. 8. 

A. Soda Ash 

This product consists essentially of sodium carbonate, but it may 
contain as impurity, small quantities of other sodium salts together with 
alumina, ferric oxjdc, water, etc. 

Chemically pure sodium carbonate' contains 58-49 per cent. Na.jO, 
and 4051 per cent. COo, and bar a specific gravity of 2-5. Various 
values have been found for the melting-point by different observers; 
Carnelly gives 814°, le ^Chatelier 810’, Victor Meyer On fusion, 

, a small' quantity of sodium oxide is formed, and at a yellow heat the 
loss of carbon dioxide may rise to ll per cent. This loss on heating is 
inconsiderable 3t tompcratqrcs -below the melting-point and may be 
- altogether o-bviated by heating in a current of carbon dioxide. No loss 
occurs below a temperature of 300" {c/. p. 49). 

The first'of the fpllowing tables gives the percentage content corre¬ 
sponding to the various specific gravities of solutions of pure sodium 
carbonate, together with the corresponding'percentage of decanydrated 

^ For further details, r/i'Lunge, Sulphuric Acid and Alkali^ vol. ii., p. 43. 
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I. Soecific Gravity of Solutions of Sodium Carbonate 
at 15” C. = 60" F., 


Hpontic 

PorcBiitagn by Weight. 

.a .• .. . 

Kilos 1 >IT 1 

euhio mi'tie. ^ 

. _ . 

Gravity. 

NitjCO.. 

• • 1 

Na-jC( i.i 10H;O 

N.a.XlC;. * 

N'a.jCO,; t. 

1-007 

0-G7 

1-807 • 

0 '8 

18-2 

• 1-OH 

1-33 

3*587 

lJ-5 

, 30-4 

1 -022 , 

2-09 

5-037 • 

• 21-1 

57-0 

1 -029 

2 •70 

’.7-114 

1S8*-1 

• 70-0 

ro3() 

. 3 -41! • 

• • 9-O.Tl 

35-5 

95-8 

i-04r) 

4-29 

11 •570 

44-.S 

120-9 

1-052 

4-9\ 

13-3-3^ 

52-(> 

1-10-2 

rooo 

5'71 

ir.--i(io 

. Ofl-ii 

1G3-2 

• 1-007 

0-37 

17-180 

(X-O 

• 183-3 

1-075 

VVi 

19-203 

70'5 , 

»00-4 

1-083 

7-88 

21-252 • 

85-3 • 

230-2 

l-{t9l 

8-()2* 

* 03-248 

• 94-0 

253-0 

1-100 

9-43 

2r)-132‘ 

103-7 

‘379-a 

1-103 

10-19 

• 37-4811 

n2'9 

304-5 

l-lio* 

10-05 

29-532 • 

1 22-:-'. 

329-O 

1-125 

11-81 

Si’s'll 

132-9 

35S-3 

1-131 

12-01 

34-OOe 

143-0 

385-7 

, 1-142 

13-10 

3,5-493 

150-3 

405-3 

i-ica 

, u -34 

38-40.5 

• 101-1 

442-4 


Specific Gravity of Solutions of Sodium Carbonate in degre 
TwadQeM at 15' C. = 60’ F. 


1 


• 

1 revceutagc by Weight, 1 

I/bn. piT 1 (!ubi<' 

(;f sDluLioti 

Di’grees 
Tw.Klilell. 1 




Niiy/J, 

Nfto(;()! 

N(id). 

Na.CO.i. 


1 

0-28 

0-.17 

0-172 

0-291 

2 

0-50 

0-95 

0-350 

0-598 

3 

0 84 

1-42 

0-5-25 

0-898 

4 

1-11 

1-110 

0-707 

1 -209 

•5 

1-39 

2-38 

0-889 

1-521 

0 

1-07 

2-85 

1-070 

1-830 

7 

1-95 

3-33 

1-257 

2-149 

8 

2-22 

3-80 

K411 

2-404 

9 

2-50^ 

4-28 

1-031 

2-783 

10 

2-78 

4-70 

1-852 

* 3-nij 

rt 

3-00 

, 5-23 

2-012 

3-440 ' 

12 

.3-34 

.5-Jl . 

2-200 

3-772 

1:1 • 

• ii-oi 

1 0-17 

j 2-390 

4-097 

14 

3-88 

0-01 

2-591 

4-430 

15 

4-10 

; 7*10 

2-783 

4-759 

10 

4-12 • 

1 7-57 

■ 2-931 

5-098 

17 

4-70 

i 8-01 

, 3-181 

5-43tf ’ 

18 

4-97 

1 8-51 

• 3-382 

i • 5-783 

19 

5-21 

1 8-97 

3-582» 

0-125 

20 

• 5*52 

9-4» 

• 3-783 

• 0-408 

21 

5-79 

9-90 

3-9Sa 


22 

6-00 

10-37 

4-197 

7-177 

23 

0-33 

10-83 

4-403 

7 -529 

24 

G-Gl 

11-30 

4-615 

7^91 

25 

0-88 

11-7^ 

4-8-25 * 

8-2-19 

20 

7-15 

1^23 

5-040 

8-«17 

*27 

, 7-4-2* 

12-70 

5-256 

8-988 

28 

7*70 

13-10 

5-4Gq 

9-354 

29 • 

7-97 

13-03 

• 5-091 

•9-713 

30 

8-24 

14-09 

• 

5-908 

10-103 
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sodium carbonate, and the weight of sodium carbonate, anhydrous and 
hydrated, contained in i,cubic metre of solution at l^°C. The data 
(at 15°) are calculated by Lunge from Gerlach’s determinations. The 
second ttble gives corresponding data for dogress/Twaddcll, the per¬ 
centage content of Na.^© and of NaX63, and the content of these per 
cubic’* foot of solution. The thifd table (at 30°) is based on Lunge’s 
own determin,ations, and deals with the stronger liquors which frequently 
occur in practice and which can only exist above the ordinary atmos¬ 
pheric temperature. ' , < 

3. Specific, Gravity o^Concentrated Solutions of Sodium Cartfbnate 

at 30° C. = 86° F. 

*1 '» 




too 11 ) 3 . contain llo. 

1 lltro contaitjs erins. 

ftpociflc 





c . .. ... . 

Gravity. 

Titaddoll. 


Nil.jUO., lOHnO 

Na^-COj. 

NanCD-i 10 Hot). 

1*310 

02 

28*13 

. 

75*91 

308*^) 

994*5 

1*300 

60 

27*30 

73-07 

354 *9 

957*4 

l-liOO 

58 

2*; *40 

71*40 

311*3 

921*0 

1*280 

56 

25 *02 

09*11- 

llW-9 

884*7 

1'270 


24*78 

60 80 ' 

314*7 

849*2 

1*200 

52 

23 * 9:1 

04*59 

301*5,, 

813*2 

1 *2 d0 

50 

23*08 

02 '15 

288*5 

778-5 

1*240 

48 

22*21 

59*94 

2 : 5*1 

743-0 

1-2S0 

40 

21*33 

67-.05 

202*3 

707-8 

1*220 

44 

20'47 

55*29 

-249-7 

073-8 

1*210 

42 

19*01 

52*91 

237-3 

010*3 

r200 

40 

18*70 

50*02 

2*25 *1 

607*4 

1*190 

38 

17-90 

48*31 

214*0 

677 5 

i*isn 

30 

17-01 

45-97 

201*1 

542*0 

1*170 

34 

16*18 

43*38 

189*3 

510*9 

1*160 

32 

15*32 

41*34 

177-7 

479 -fp 

1*150 

30 

14-47 

39*04 

104*4 

449*0 

1*140 

23 

13*02 

30-75 

155*3 

419*0 


According to Lunge,' these tables not only give the percentage of 
Na^CO^ in solutions of pure sodium carbonate, but they give with 
'.rlmost equkl accuracy the nercentage of solid matter, that is, sodium 
carbonate plus impurhics, in ordinary vat liquor {cf. p. 527). 

A table showing the influcnce*of temperature from 0° to 100° on the 
specific gravity of sodium carbonate solutions has been published by 
Lungc.^ Liebig ' has made use of Lunge’s figures in calcu.'aling the 
mean values given in the following table. 

^ Chem. Ind.y i88i, 4, 376. 

- Technical Chemist's Handbook^ 2nd edition, 1916, p. T 7 ®* 

^ Post, Chem. tech. 'Analyse, 2nd edition, vol. i., p. 795 * 
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4. Influence of Temperature on the Specific Gravity of'^Sodium 
' Carbonate Solutioiys. 

(Approximate mean values for + 1° cj 



Fur Tciiiporalurc 

•from • 1 


• 

• For ypeciHc Gravities 

0" to 30". 

80‘ lo 40'. 

40' to 50 

.50 Lo 7#-. 

• 

70' to 10(f. 

I'toin 

'to 


• 

0-0002 

0-0004 

0-0001 

O-OOtfT) 

,0 -00(T5 

r(?io 

l-OriO'i 


0 0003 

0-0004 

0-0004 

• 0-0000 

0-0(40,^ ‘ 

U'060 

1-070 


0-0004 

0-0004 

o-ooon 1 

• 0-«000 

O'OOOO 

1-080 

1-110 

0 

0-0004 

0-0004 • 

0-0005 

0-0000 

O-OOOo 

1-120 

1-170 


0-0004 

0-0004 

»0-ooof; 

0*(T007 

0-0007 P 

1-180 

1-200 


0-0005 

0-0004 

0-0005 

O-QOO? 

. 0-00^7 

1-210 

1-240, 


• 

0-0005 

0-0005 

0-0007 

• / 

0-0007 

1-241 • 

1-25-2 

0 


0-0005 

0-0005 

• « 

0-0000, 

0-0008 , 

• 

’ 1-203 

1-2S5J 

z 

c9 


A verj/ thorough investigation of the specific gravities of solutions 
of sodium carbonate and of sodium hytlroxide has been published by 
R. Wegseheider and II. Walter;' the results differ but slightly from 
theTigures given above up to the third decimal place. 

The chemical analysis of commercial soda ash is generally confined 
to the determinatjon'of the available alkali or alkalimctrical degree; 
a complete analysis is, howeVer, made from time to time as a check 
upon the process. 

Determinatiot\ of the available Alkali of Soda Ash _The method 

generally used is as follows: 26'50 g. of soda ash is weighed off in a 
small beaker and dissolved by boiling with water in a larger vessel, 
The solution, together with the small amount of insoluble matter, is 
traruiferred to a 500 c.c. flask, made up to this volume after cooling to 
15", well shaJren and filtered, if necessary, through a pleated filter paper 
covered by a watch-glass. Fifty c.c. of the filtrate is then titrated 
wi.th normal hydrochloric acid and methyl •orange. For an ash con- 
tftining 9.S per cent. Na^OO.,, 49 c.c. of normal acid»(i c.c. = 2 per cent.) 
will be requifed for the titration. 

In the method j'qopted by tht German alkali manufacturers, the 
ash is always ignited before determining the percentage of alkali and 
the results calculated •on ,thc ignited matorial; this gives the only 
satisfactory results. 2-6525 g. is taken Ijpr the an,'^lysis,’dis.solvcd i.i 
water, and the solution titrated directly withoui filtering. Each i c.c. 
of normal acid corresponds to 2 per cent? NajCO,,. • • 

If the readings are made to A c.c. in a 50 c.c. burette graduated m 
j’j c.c.,*as may very readily be done in the manner described on p. 35, 
the error in the reading will not exceed 0-05 percent. NaoCOj. 

Jk nornoal solution o[ hydrochloric acid is employed, containing 
3^-46 g. FICl per litre, standardised both by means of chemically 
' tVoiialsi., 1905, 26, 685 ; 1906, 27, 13. 
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pure sodium carbonate and by silver nitrate icf. p. 50), Methyl orange 
is the most convenient indicator. " 

It will be noteij that in the method generally adopted in Britain, 
the alkalinity is determined in thp solution only, whilst in the German 
method the alkalinity due to calcium carbonate, magnesium carbonate, 
ferric '6xidc, etc,, in the insolubVe matter is included in the total. 
This does not> however, cause any appreciable difference, at all events 
' in the case of ammonia-sC/da, in which the total insoluble'’ matter 
(inclusive of sand, ca.rbonaceous matte’", latid other substances not 
affecting the alkalinity) docs not exceed per cent. 

Various methods ari^ in vygue of stating the re.sults of the titration, 
i.e. the strength of the .ash. In'thc scale proposed by Gay-Lus.sai, the 
strength is expre.ssc\l in terms of available soda, under which all the 
substances present which react with normal acid, such as carbonate, 
hydroxide, silicate, and aluminatc, arc included. Chemically pure 
sodium carbonate contains 58-4'9 per cent. Na.^O, and would thus corre¬ 
spond to 58'49 degrees Gay-I.ussac. These degrees are generally 
referred to as “ English ” or^“ Newcastle ” degrees, which, however,'give 
the commercial strength always higher than the real value, as the 
table is calculated on the assumption that the chcnjicjil equivalent of 
Na^CO.j is 54, instead of the true value” 53 00. 

In Germany, the “degrees” indicate percentage of Na.CO,, which 
is rational as applied to sodium carbonate itself; but the scale is also 
applied to all other sodium compouiifls, such as caustic soda, which act 
upon the test acid, and the strength is accordingly quoted in terms of a 
substance which occurs only as an impurity in the caustic alkali. The 
scale is, however, in general use commercially. 

In France and Belgium, soda compounds of all kinds (also potash, 
baryta, etc.) are quoted on a basis similar to Gay-Lussac degrees, that 
is, according to their titrim'etric value, leaving out, however, all reference 
to the particular alkali, whether sodium hydroxide, sodium carbonate, cr 
potassium carbonate. The scale employed is that of Dcscroizilles, and 
the degrees indicate the quantity of s'ulphuric acid' inonohydrate (H.,SOJ 
neutralised by lOO parts of the alkali examined. Since 10 parts of 
chemically pure sodium oarbonate are cquiYaleiat to 9-252 parts ILSO,, 
Idle standard acid is prepared in such a w;iy that 92 52 half cubic centi¬ 
metres (so-callcd “ divifions ”) will ex.actly neutralise 5 g. of pure sodium 
carbonate; or, ip'Other words,"the'standard acid contains exactly 100 g. 
ri.^SO^ to the'litrc. Th'e “ Descroizilles sulphuric acid” is prepared by 
adding about ,3150 c.c. of concentrated sulphuric acid to 50elitrcs of 
water, and standardising, as described on p. 50. 

The following table (p. 553) shows the relationship betwqen’.the 
English, German, and French degrees, and i.; applicable to sodiufn 
hydroxide and all soda products. 
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English,•German, and French Commercial Alkalimetric 
Degrees. * • 
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Bockmnnn has drawn attention to the importance of always stating 
the results of the determination of the available alkali of soda ash on 
the dry material, so as to avoid disputes that may arise from any 
absorptioii of moisture .that may have taken plase during storage. 
When exposed to the air, soda a'.ih takes up moisture fairly rapidly, and 
may ausorb up-to lo per cent.,.whilst the loss ori ignition of a soda ash 
properly handled in drawing from thO'calcining furnace and in packing, 
is always less than o i. per cent. For this reason, it is certainly desir¬ 
able that the results should be expressed on' the dry substance as well 
as on the sample as received. ' ■ 

. . (t 0 ' 

, GKNERa'i. E.XAMINATrON OF SODA ASII 

Under this heading the following determirations are included, in 
addition to the alkalinity determination; specific gravity, clearness of 
the aqueous solution, degree of finenes.s, matter insoluble in water, 
oxide of iron, sodium chloride, and sodium sulphate. 

I. Specific gravity or Density (Bbckmann).—The term specific 
gravity, or more correctly d'ensity, when applied to sqda ash, docs not 
mean the actual specific gravity as determined in the pyknometer, 
where the intervening space' between the varioUs particles of the ash 
is filled with a liquid, such as benzene, in which it is insoluble. For, 
as the impurities arc about as dense as the soda ash itself (in 
round numbers, NaXO,,, 2-5; Na.jSO.j, 2-6; NaCl, 2'i), the actual 
specific gravity is largely independent of quality and of method of 
manufacture. 

It is, however, necessary for many purposes to be able lo express 
in figures the “bulkincss” of the ash, a property which depends on 
the method of manufacture and grinding adopted. The expression 
refers only to the cubic weight, that is, the weight of soda ash which 
can be closely packed into' a vessel of definite capacity. 

Bockmann rccotnmcnds for this determmation a strong cylindrical 
glass vessel, prepared by cutting off the upper part of a specimen bottle 
and grinding the edges of the lovver part until the. capacity is as nearly 
as possible too c.c.' It is not essential that the capacity should be 
too C.C., ^ut the cmployiyient of a vessel off thfs size saves calculation. 
The capacity of t,he vessel 10 within o-l c.c. and its weight to within 
O I g. arc determined t^nce for all, and both values are etched on the 
^lass. . '" . ' 

The ground and dry ash to be examined is filled into the vessel 
in about six separate portions, the glass being tapped on The table 
after each addition iil order to pack the soda as closely as possible, 
so that a finger-nail does not rnakc an .impression ifi tho' rfta^. 

^ Special Ikottles fqj' “cubic weight" determination of this capacity*arc made by Desaga, 
Heidelberg. 



EXAMINATION OF SODA ASH 


555 


Finally, the ash standing above the top of the vessel is removed by 
sliding a small glass plate over the rim, afte^ which the vessel and soda 
are weighed on a balance turning to o i g. The clensity obtained is 
calculated to the,second decimal ^jlace. , « ' 

If the ash is filled into the*vessel i^ithout pressure and tapping, the 
results are quite different from tho.st*obtained b^ the above metitod, but 
they are concordant amongst th^mselvQs and are consc^quently equally 
applicable iiupracticc. This alternative method is more suited as an* 
empirical test to be used»ii^ t^e packing-room. The vessel may con¬ 
veniently consist of a,^box made, oi wcll-.seasonec| wood and having the 
internal dimension'- x 25 x 20 cija., corresponding to a capacity of 20 
litr^, or similar suitable dimensions t(? give a^capacity* of l cubic foot. 
The soda ash is filled in with a clean,wooden spstde, care being taken 
to disturb the box as Tittle as possible in introducing the material. The 
excess of ash is carefully removed by drawing a straight [liece of wood 
over the ^op of the box, which,is theh weighed. The weight of the 
ash X 50 gives the weight of ash per cubic metre. 

^Another plan for determinifig the density is to use a metal cylinder 
about 8-5 cm. hTgli and 3 cm. diameter, filed down so as to hold 62'5 c.c. 
of water. The weight in grams of ash tlxit fills a vessel of this capacity 
is equivalent to pounds p’er'cubic foot, as l g. per 62'5 c.c. = i lb. per 
cubic foot. 

Soda ash maj^ be divided into three grades, according to the 
density—“light” (density 0-8 to I'O), “ medium ” (about l-o to 1-25), 
and “heavy” (about l’25 to 1-50). 

2. The Clearness of the Aqueous solution (Ihickmann).—The 
examination of the solution for turbidity is made by dissolving 25 g. 
of the ash ip 500 c.c. of warm water in a beaker, and comparing the 
solution, after cooling, with a standard solution prepared in a similar 
manner. 

• The solutions obtained from ammonia-ash «ire relatively very 
clear, on aceSunt of the great purity of the product; this point is of 
advantage in colsuy'^and similar* ir'orks. Naturally a commercial 
product like soda ash always contains traces of impurities and a 
perfectly clear solution is nyt to be expected.* 

3. The degree of Fineness (llockmaan).—The jjegre'e of finene s 
attained in the grinding is only determined in tlje case of a very heavy 
ash containing a •considerable prdporJion of coarsqr particles, and 
only then, as a rule, when there is reason to suppose that the grindiifg 
has beee insufficient. For the determination, looo-j 500 g. of the 
soda is sifted through a sieve of 35 cm. diameter and 2 mm. mesh, 
and tl)e caarscr particlqs remaining on the sieve weighed. The 
^ount of the ^resiSue* should not exceed 5 per cent, of tlui sample 
taken. 
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4. InsBluble matter (Beckmann).—Fifty g. of the sample (or too g. 
in the case of a very pure, sample) is weighed off in a large beaker on 
a balance turning too-i g. and sufficient water added to dissolve the 
ash; The contents of the beaker are agitated grntlyand continuously to 
prevent the formation of lurap .4 which would retard solution. The 
whole Is then allowed fo settle fod'from 1 to J hour in a warm place. 
As a rule, the insoluble matter, settles'well, and when this is the case 

‘ the greater bulk of the solution can be syphoned off or decanted ; the 
remainder is then filtered through a tared filter paper and the insoluble 
residue well wa.shed ^with hot wate". The two filter papers and in¬ 
soluble matter are dried at 100° and weighed. 

To determine the iron present in the insoluble matter, the dried and 
weighed filter is moictened with,water and the precipitate treated on 
the filter with warm hydrochloric, aci<l. I'he acid filtrate is treated 
with ammonia, and the precipitated ferric hydro.xide filtered off and 
dissolved in dilute sulphuric acid (t :'4). The solution is reduced by 
zinc and then titrated with permanganate. The titration may be made 
in the hydrochloric acid so’ution after reducing, diluting largely with 
water, and adding manganese sulphate solution, but the end-reaction is 
less sharp in this case. - 

5. Sodium chloride. —Two g. of ammonia-ash, or 5 g. of Leblanc 
ash, is dissolved in water and either exactly neutralised with nitric 
acid and titrated with silver nitrate solution (p. 7^) with potassium 
chromate as indicator; or the determination may be made in acid 
solution by Volhard’s method (p. 74). 

6. Sodium sulphate- —Five or ten g. of the sample is dissolved in 
hydrochloric acid and the sulphate precipitated by the addition of 
a hot solution of barium chloride to the boiling solution. 

Thk Comi’lLte Analy.sis 01' Soda A.sh 

< - ’ 

This includes, in addition to the determinations already described, 
the determination of the various, constituents cf the insoluble matter 
(sand, carbonaceous matter, alumina, calcium carbonate, magnesium 
carbonate, and ferric oxjdc), and of bicarbonate, hydroxide, sulphide, 
srdphite,' silicate, and alunjinatc of sodium. The five last-named 
impurities are only fpund in Leblanc soda. Such gross impurities 
as sulphide of iron, fcrrocyan'des, etc., which were formerly met with 
in Leblanc a'sh, need hardly be looked for to-day. In addition, it 
is necessary to determine the moisture, should any opportunity 
for its absorption har;e occurred between the times of manufacture 
and analysis. This may be done- by drying in a desiccator over 
concentrated sulphuric acid, or with greater certaintj', by drying fUr 
half an hour at 300°, or by gentle ignition. 
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Before carrying out the various determinations, it is javisable to 
ascertain whAher sodium hydroxide, sodi^um sulphide, and sodium 
sulphite are present or not. For this purpose, a portion of the solution 
is shaken with an,e*cces^of barium chloride in absence of air, arfd the 
filtrate tested for alkalinity by mea^s of sensitivd litmus paper. A 
second portion of the alkaline scMution is ttsted for sulphide by 
means of sodium nitroprussid® or lead acetate paper, and a third 
portion examined for sulphitf by testing*whether the .solution after* 
acidifying with acetic aoid, aj)d »dding starcli paste 'will decolorise a 
dilute solution ot ioi^ine. . , ^ 

For the analysis, too g. of th^ ash is^weighed irito a large beaker, 
agitated with warm water until solfition i.s"''compleft, ^the solution 
allowed to settle for about half aij hour in a, warm place, filtered 
through a tared filter paper into, a litre flask, the insoluble matter 
thoroughly washed and thc*filtrate and washings made up to looo c.c. 

1. SoSium chloride—Twenty c.cf ( = 2 g. ash) in the case of 
ammonia-ash, or 50 c.c. ( = 5 g. adi) in the case of I,cblanc ash, is 
neiftraliscd with dilute nitric add or dilute, sulphuric acid, and titrated 
with silver nitrale .solution (p. 73). 

2 . Sodium sujphate— Fifty c.c. (=5.g. ash) in the case of Leblanc 
.soda, or too c.c. (= 10 g. a 5 h)*in the case of ammonia-soda, is rendered 
slightly acid bv addition of hydrochloric acid and the sulphate pre¬ 
cipitated in the hot solution by addition of barium chloride. 

3. Sodium bicarbonate. —This only occurs in ammonia-soda, and 
is present only in traces. It is determined as described on p, 569, 
At least 5 g. of the sample should be taken and dissolved without 
agination in cold water. 

4. Sodium hydroxide.—This only occurs in incompletely carbon¬ 
ated Leblanc soda or in caustic ash. One hundred c.c. of the solution 
(= 10 g. ash) is taken and analysed as described on p. 526. 

• 5. Sodium sulphide.r-Thi.s is estimated by L^stelle’s method,^ by 
titrating 5CP c.c. of the solution (==5 g. ash) with an ainmoniacal 
solution of silver rytratc. This .solntien, prepared by dissolving i j-.Sas g. 
pure silver in pure nitric acid, adding 250 c.c. of ammonia solution, and 
diluting to 1000 c.c., sorresponds per i c.u to 0.005 Na.,S. The 
solution of ash is heated to boiling, ammonia added, :tnd*the silver 
solution run in drop by drop from a burette, gi^du^ed in c.c., until 
no further precipitation of the dafk-caloured silvur^ sulphide results. 
To get the end-point more accurately it is advi.^ablc to fiftcr the soluti»n 
toward!^ the end of the titration, repeating the filtratjon as often as 
may be necessary. Working with the above quantity of solution, each 
I (Jc. of silver nitrate solution usa»l corresponds to Q.l per cent. Na,,S. 

• 6 . Sodium sulphite.—Fifty c.c. of the solution (=5 ash) is 

^ Compta renJ,j 1862 ,^ 5 ) 739 * 
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acidified ^Ith acetic acid, and after the addition of starch solution, 
titrated with Njio iodine solution till the blue colour appears. Each i 
c.c. Njio iodine solution equals 0-006303 g., or 0-1261 per cent. NajSOj. 
Or the iodine .solution containing 3-252 g. iodineper li*'re, described under 
black ash (p. 527), ihay be cmploj^ect, caeft c.c. of which corresponds to 
o-ooidrj g. or C0323 per cent. A deduction must, if neces¬ 

sary, be made for the percentage of ..ulphidc found under test 5, in 
■ the ratio of 1-3 c.c. Njio iodine solution, or 5 c.c. of the we.’ker solution, 
for each i c.c. of'the silver solution u.rxl. 

7. Sodium silicate'and Sodium aluminate. —One hundred c.c. of 

the solution (= 10 g. as'h), or better, 10 g, of the ash directly weighed off 
and dissolved in w<ateH in the‘dish (to avoid error caused by'the 
alkaline solution attacking the glass vessels), is acidified in a porcelain 
dish of about r litre capacity by the gradual addition of hydrochloric 
acid. The solution is then evaporated to dryness on the water-bath 
and finally dried at a higher tehiperature. On e.xtraction wi’th water, 
the silica remains behind, and the -alumina goes into solution; each 
constituent is then determined in the usual way. ‘ 

The silicate pre.sent in soda ash is too small in amount to interfere 
with the separation of the carbonate and hydroxide. 

8. Insoluble matter (Hockmann).—The niter [laper through which 
the solution of the 100 g. of ash has been filtered is moistened with 
water and the ferric o.xide, alumina, and calcium and magnesium 
carbonates dissolved by addition of hydrochloric acid. The residue 
on the filter is well washed with hot water and the filter paper again 
dried and weighed, against the same paper as tare as before. This 
gives the sand and carbonaceous matter. The quantity of sand 
present is estimated by burning the filter paper and insoluble residue in 
a platinum crucible and deducting from the weight so obtained the 
ash found on burning the filter paper employed as tare; the difference 
between the weighings gives the percentage o'" sand. 

The filtrate containing the portion of the residue soluble in hydro¬ 
chloric acid is then submitted to the so-called “ complete ” commercial 
analysis, which consists in determining the iron oxide volumetrically as 
described on p. 452, and taking the rest of the insoluble matter as 
cajeium carbonate; that is, the content in alumina and magnesium 
carbonate is not taken separately into account, but is looked upon as 
part of the calcium carbonate. ' This is sufficiently accurate for 
technical purposes. 

In the method of determining the available alkali by direct titration 
of the soda solution, wThout previous filtration (p. 551), the following 
substances, if present, are determined in the titration along with the 
sodium carbonate: calcium and magnesium carbonates, the sc.squi* 
oxides Ai the portion insoluble in water, sodium hydroxide, sodium 
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bicarbonate, sodium sulphide, sodium sulphite, sodium sili*^te, and 
sodium aliAnitHite. If the titration is rdade in the filtered solution, 
any alkalinity due to basic substances in the inlolubletnatter is excluded. 
In any case, howevc^r, th^ influence of these impurities, botji soluble 
and insoluble, plays but a smaH parf iii the titration ?)f an average ash 
whether manufactured by the ammonia or Leblanc, process' For 
example, supposing an ash gives qji titration a total alkalinity, including 
that of t]ie insoluble matter, equivalent to gS- 4 ’ per cent. Nn./HOj and 
the insoluble matter equals ppr cent., a deduction of 0-3 is made 
from the total and lli^e percentage of sodium c’arbonatc present put 
down at 981. A qS'psbda ash must at least c('nsume acid equivalent 
to 98->pcr cent. Na.jCO, when the liltered solut'on is'tit.'atcd, and the 
acid used may unhesitatingly be calculated to Na.^COj for commercial 
purpose^, since the soluble impurities arc only pre.sent in traces, and 
for all the important techiucal applications of soda ash, with the 
exception uf the manufacture of ^oda crystals, the impurities will react 
in the same manner as their equivalent of sodium carbonate. 

Should it be necessary, in an'Cxceptiunal case, to ascertain the real 
quantity of Na,,CO, present as accurately as possible, the .sodium 
carbonate equivalent to the impurities determined as above, is de¬ 
ducted from the total availaUc alkali. The direct determination of 
sodium carbonate, that is, of tire carbonic acid content, is best made 
by the gas-vohuttctric method of Lunge and Marchlewski (i). 615). 

A good soda a.^h should not contain more than 04 per cent, of 
matter insoluble in water, nor more than about o-l per cent, insoluble 
in hydrochloric acid, whilst the ferric oxide should not exceed 002 per¬ 
cent. The impurities present in ammoiiia-ash frequently fall consider- • 
ably below these limits. 

The amount of sulphate present in ammonia-ash will not exceed 
01 per cent,, unless it has been specially jidded, while in the best 
Leblanc soda ash it may r^ach from 1 to 1 per cent.^ and in ash of low 
strength may sven c.xcecd 8 per cent. 

Sodium chloride is ^-esent to thu ejetent of from i to 2I per cent, in 
ammonia-ash accord i,V a.s it is 98 or ash. Good Leblanc ash 

contains only from ^ to ^per cent. ^ 

9. Physical and Quaittative Tests. — Various physiaal and^ 
qualitative tests may be advantageously Applied to fhc lower grades 
of ash made by thc^Leblanc process.' , , 

A good quality of .second grade ash should l*c white in colour even. 
^ when hjt, not yellow or reddish, though it cannot be expected to be as 
white as ‘^refined alkali.” On the teller hand, \rjien oxtde of iron is 
prescvit to an^ considerable extent, yellowish product is often found 
to ire*better carbonated t[ia1i a pure white product. 

^ B/, Lxingc, Sulphm ic Ai-ut and vol. ii., p. 73^. 
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Fre(^ently the ash possesses a bluish tinge, which arises from 
sodium manganate or from ultramarine, either formed in the black 
ash or, occasionally, purposely added. A grey colour indicates poor 
carbonating and calcining; as a rule such a.sl^ will ^i^ntain much caustic 
alkali, together wich incompletely oxidi-sed sulphur compound.s. Good 
ash skould only show, a few dart; or red specks after grinding. The 
proportion of sodium hydroxide should in no case exceed 2 ,oer 
cent, except in “ caustic.- ash if the ash be intended for the 
manufacture of soda crystals, a ruaxjmuir of I per cent. Na „0 is 
frequently stipulated,'but it is difhcplt to keep w.ithin the limit, especi¬ 
ally when, as in the Tyne works, all the mother liquors arc worked 
up and carbonated, noh by gas,<but by sawdust. It is, however, readily 
done when Macteqr’s mcchaniMl carbonator is employed. The ash 
should contain at most only very slight traces of sulphide. ,1fvcn in 
the case of a moderately calcined and earbonated ash it should be 
impossible to detect sulphidc-by m^ans of lead paper, and one drop 
of N'lio iodine should be sufficicnit to produce a blue coloration when 
added to a solution conta,ining starch and l g. of the soda ash.. An 
alkaline solution containing lead (sodium plumbate)' acts better than 
the ordinary lead paper. i\sh manufactured by the Leblanc [jrocess 
always contains minute quantities of sulphur compound.s of the lower 
degrees of oxidation, but these can only be detected when large 
quantities of the ash, 50 g., are worked upon. A second quality ash 
may be regarded as sati.sfactory in this re.spect vvhen the oxidisable 
sulphur compounds present do not exceed o-i per cent, of sulphur; 
for most purposes twice or three times this amount does no 
harm. 

Sodium thiosulphate cannot occur in calcined .soda__ ash, since it 
would be decomposed in the early stages of calcination. Sodium sul¬ 
phite, on the other hand, is nearly always present, though in very 
small amount, in „the poorer qualities of ,ash. It may be detec1,cd 
by iodine solution or other reagents {c/. p. 430). c 

A good second grade ash should not contain more than from l to i J 
per cent, of insoluble matter; li per cent, should be looked upon as a 
maximum. The insolulple matter consists chiefly of calcium carbonate 
taccompknied by alumina and silica; ferric oxide is only present in 
traces, except in'ash of reddish-yellow colour and very bad appearance. 

The moisturt in freshly made ash ranges from,,! to \ per cent., and 
•when the ash is well packed it should not rise much over i per cent, 
even after some time. When the moisture reaches 2 per cent.,,the ash 
becomes lumpy and (discoloured;. it may absorb up to 10 per cent, of 
moisture if e.xposed to a damp atmfi.sphcre. ^ ^ 

The two neutral salts, sodium chloride and .sodium sulphate, wllich 
are always present in soda tsh, arc practically without effect, prejudicial 
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or otherwise, in the quantities normally contained in ordinar^»a.sh ; this 
is, of course, dot true when they are purposely added to reduce the 
strength. * 

Examination of Ciikmicallv/Puiie Sodium Carhonate 

• » . • 

, According to Krauch,^ the ngtrium *carb. puriss. usually employed 
for anah’tical jvork contains minute t'races af irdn, sodium chloride, and « 
sodium sulphate. On this aciomit only the‘f)urcst hnd completely 
anhydrous produA, natrium carb. jicc. chem. pur. should be employed 
for standardising '^ol'tions and other similar ;vork. Kissling- found 
Merak’s natrium carbonic, sice. pulv. chem. pur.<(for analycsis), prepared 
from natr. carbonic, chem. pur. cryst., to consist oijly of sodium oxide, 
carbon dioxide, and wtiterf it lost^O'63 per cent. CO.^ and 1476 per 
cent, (corresponding to i ruoleculc) H,/) at 150", and therefore con¬ 
tained a little bicarbonate. Aqcordinji to Krauch, ordinary chemi¬ 
cally pure anhydrous carbonate centains from 2 to 3, per cent, of 
wator. • , 

The various ftnpuritics are tested for as follows.“ 

* Silica. From 5, to 10 g. is evaporated with an excess of dilute 
hydrochloric acid,*the residua dried for some time at too’ and then 
dissolved in a little hydrochloric acid and about 150 c.c. of water; 
the resulting solution should be clear and free from any flocculent 
precipitate of silica. 

* Sulphuric acid. Five g. is dissolved in 75 c.c. of water, the 
solution made slightly acid by addition of hydrochloric aciii, heated to 
boiling, and barium chloride added ; no separation of barium sulphate 
should be apparent after twelve hours’ standing. 

* Sodium chloride. The slightly acid solution of 2 g. in 20 c.c. of 

water and dilute nitric acid should remain,unaltered on addition of 
sijver nitrate. , , 

* Arsenic.* h'ive g. of granulated arsenic-free zinc is placed in a 

Marsh generating dask of 200 c.c, capacity, dilute hydrochloric .acid 
added and the reag'efits tested in the usual way for freedom from 
arsenic. Fifteen g. of the, sodium carbonate is then dissolved in a 
small volume of water, the solution rendered acid by additioif of pure 
dilute hydrochloric acid, added to the generating flSsk, and a steady 
slow evolution of g^s maintained far hglf an Sour;,no indication of 
arsenic should occur during this time. • * 

Soluble organic Iron compounds. Twenty-five g. of the carbonate 
is dissolved in 100 c.c. of lukewarm water, J;he .sofution filtered 
through a [jleated filter paper and the filtrate treated with half its 

^ 7 '/ie Teslmg 0/C/gmkal R*tigfnls fo! /’wr/A', p. 281. ^ • 

- Chem. /ytil., 1890, 14, 136. ^ The tests inariced * are taken fiom KraucI* cit. 

• 2 Ni 
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volume'o.' sulphuretted hydrogen water. The solution should remain 
absolutely colourless and show no greenish or dark toleration after 
standing for. ah h'our. A blank test should be previously made with 
the distillpd water employed. 

Krauch (he. cu.) makes a geiTjeral examination for heavy metals in a 
similat mannc': 20 g. of the carbonate is dissolved in 60 c.c. of water, 
the solution made acid by hydrochlor’c acid, and sulphuretted hydrogen 
water added; no coloration or turbidity should result. The solution 
should remain equally clear and, frdc from green coloration after 
addition of ammonia''and ammonium sulphide. 

* Phosphoric acid. , Twenty g. of the carbonate is dissolved in 
60 c.c. of water, and ni'ric acid added in considerable excess, followed 
by a solution of amrnonium molybdate. No sign of a precipitate should 
appear after the solution has been allowed to stand for two hours at a 
moderate temperature. 

Ammonium salts. According to Krauch (loc. cit.), several grams of the 
carbonate are heated in a test tube containing a piece of moistened 
turmeric paper in the upper part of the tube, which is loosely clo.scd. 
One-fiftieth of a per cent, of ammonia may be detected in this manner, 
whilst not less than i per ceqt. of ammonium salts can be recognised by 
smell without the paper. Detection by smell may be made much sharper 
by dissolving 10 g. of the carbonate in 500 c.c. of water, distilling the 
solution in the apparatus described on p. 476, under Ulsch’s method of 
nitrate estimation, and smelling the gases evolved a£ the exit-tube from 
time to time. 

* Sodium thiosulphate. The aqueous solution is acidified with 
acetic acid (r 150), and tested with silver nitrate. If, at the end of 
several minutes, the solution only shows a white opalescence (chlorine), 
it may be taken that neither thiosulphate nor arsenic is present in 
appreciable quantity. A reddish or ycllowdsh turbidity indicates 
arsenic, whilst a brown or black turbidity indicates thiosulphate \rf. 
p. 569). 

* Potassium. The yellow flame colorat'on produced by the 
carbonate should not show any, or only a tran.sltory red tinge when 
viewed through cobalt glass or an indigo prisrn. According to Krauch, 
(even fractions of a per cent, of potassium salts are sufficient to produce 
a persistent red coloration in the flame. 

* Sodium hydroxide. Tr."ccs of this impurity are best recognised 
qualitatively by Dobbin’s reagent, ammoniacal potassium mercury 
iodide. Kissling^ gives the following method for its preparation. A 
solution of 5 g. of pot.'-ssium iodide is treated with a solution of mercuric 
chloride until the precipitate formxl just ceases to redissolve. The 
solution is filtered, and i g. of ammonium chloride added to the’ filtrate, 

^ Chem. Zeit. AVy>., 1898, 14, 136. 
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which is then cautiously treated with dilute sodium hydroxjao solution 
until a slight permanent precipitate is formed. The solution is finally 
filtered and the filtrate diluted to i litre. 

To apply the ,t#st, a, small quantity of the carbonate aolution is 
placed on a watch-glass and*the re.'.gcnt added ;Mie least trace of 
hydroxide gives a yellow coloration. • 

Ji . SquA CkystaY-s ., 

Ordinary soda* crystals c*onsi.st ^essentially of dccahydrated sodium 
carbonate, Na^COj.ToHjO, which, in the chemic,jdly pure state, contains 
2 i- 6>8 per cent. Na.^ 0 , 15-384 per'cent. (together, tliereforc, 37-06 
per cent. Na.,CO^), and 62-94 P^r cent. II^O. A description of the 
properties of this salt*and»of other 1\ydrated compounds of sodium 
carbonate containing less than 10 molecules of water of crystallisation 
is given in'Lunge’s Sulphuric Acid and^Alkali} The most important 
of these other salts is known as*" Crystal Carbonate,” which contains 
82-0*per cent, of NaoCOj, 17 per cent, of ICO, and i per cent, of 
other salts (practically Na,,CO.,. 1 - 1 . 0 ), but the quantity made is 
small when compared with that of the ^ordinary dccahydrated soda 
crystals. * • • 

Commercial soda crystals seldom contain the theoretical quantity 
of water. Thc?c is cither a small excess, which should not exceed 
I per cent,, due fo the drying only being carried out at ordinary 
temperature, or there is too little water, owing to efflorescence, from 
prolonged exposure to the atmosphere. Effloresced soda crystals lose 
considerably in appearance and this sometimes gives rise to complaint, 
although the change is entirely in the buyer’s favour. 

The com’raercial product is never free from sodium chloride and 
sodium sulphate. The percentage of sodium chloride should not 
apijreciably exceed 0-5 per cent,, whilst the percentage of sodium 
sulphate, the .(jresence of which is essential for the production of hard 
crystals,'-! is seldom less than l and rise to 2. A higher percentage 
of sulphate is to te* fegarded as inadmissible, especially as it is fre¬ 
quently added as an adulterant. Coramercial^soda crystals should test 
at least 34 per cent. NiqCOj by titration, allowing for alL impurities; 
generally 35 per cent, will be found, and in effloriftced samples the 
percentage will natyrally be still higher. , , ^ 

The estimation of the available alkali aiid of tfie •impurities is 
carrier^out exactly as described under soda ash. 

Grosser impurities, such as insojuble matter^ iion, Ac,, were fairly 
frequent in the yellow crystals common in the early days of manufacture 

• 1 Vol. ii.,*>p.nJ-8i. 

3 Lunge’s Sulphuric Acid and AlhaH^ vol. ii., p. 755 * 
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but they are seldom found in the fine, colourless, transparent crystals 
which are now supplied. A yellow coloration may be "due in part to 
organic matter. ' 

“"Chemically pure crystallised sodium carbonate ” (natrium carb. 
cryst. chem. pur.)'is examined ^s'desciibed on p. 561. 

f- . 

' Cl. Caustic Soda 

Chemically pure sodium hydroxide can' only be obtained by treating 
metallic sodium with w^ter and is not prepared' on the manufacturing 
scale. Its properties fire described in Lunge’s Sulphuric Acid, and 
Alkali^ whdre Ilonigmann’s table of the boiling points of solutions of 
sodium hydroxide is also given.' n ^ ^ 

The specific gravity of aqueous solutio.'is of sodium hydroxide has 
been determined by various observers. Tunnermann’s determinations 
(1827) were made use of by Schiff (1858) for calculating a formula 
connecting density with concentration, and this formula was employed 
by Gerlach (1867) for the preparation of his table of "specific gravities 
which was in general use until twenty years ago. This table was 
revised by Hager (1883), and an indepepdent series of determinations 
was publi.shed subsequently by Pickering'-' (1894). Bousfield and 
Lowry have recently shown that all these determinations are unreliable, 
owing to the difficulty of preparing solutions of knbwn concentration ; 
in every case the solutions appear to have been standardised by 
titration, a method which they have shown to be inaccurate to the 
extent of from 0-2 to 0-3 per cent. Hager’s table is in their opinion less 
accurate than that of Gerlach ; they regard Pickering’s relative values 
for the specific gravity at different concentrations as substantially 
accurate, but the absolute values as unreliable, to the extent of o-ooi 
at 50 per cent, sodium hydroxide, and roughly to a proportionate 
extent at the lower concentrations, 

Bousfield and Lowry'* have accordingly rqqde a fresh scries of 
determinations of the specific gravity of sodium' hydroxide solutions, 
which is given in the following table; the determinations were made 
at 18’C.c, bqt in the original paper arc also calculated by means of a 
series of temperature coefficients to 15°. The solutions were prepared 
from weighed quantities of mefallif sodium and the densities determined 
by means of-th'e pyknometer; the values may be regarded as accurate 
to within 0 01 per cent, of sodium hydroxide, and involve a possible 
error of o-ooot in the sp. gr. of a 39 per cent, solution. 

' Vol. ii., p. 81. *■ j 

Phil. Ma/;., 1894 [v.] 37, 359 ; J. Chem. 1895, S 45 * 

Phtl. Trans.^ 190^', 204, 253. ^ Loc. at. 
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Specific Gravity of Solutions of Sodium Hydro^fide 
at i8“ C. =64 .4 F.* . 
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A ciclailcd table, giving the variation of specific gravity with changes 
of temperature from o" to too" at intervals of 10", is also given by 
Bou^field and Lowry.' A similar table up to temperatures of 50", but 
based on tha earlier determinations of specific gravity, is given in the 
Technical Chemist'Jfandbook (p. 190).- 

It is important to bear in mind that solutions of sodium hydroxide 
p»epared from commercial products show greater variations in the 
degree of purfty than .solutions of sodium carbonate or of acid.s. 

The ordinary rikl^.s'for sampling,’d6.5cribed under “ General Methods 
of Technical Analysis” (p. 4), are not applicable to caustic soda, which 
comes on to the marke* in,solid blocks paclfed in iron drurns. The 
block filling the drum is not perfectly unifo/m througljput; T:he portions 
most nearly repre.senting the average are those next to the bottom and 
sides of the drum,»as these portiohs Have solidified fairly rapidly 
on packing; the central portions which have solidified more slowly 
are less regular in their composition, as the impurities, ipore e.specially 
chloride and sulphate, have time to’accumulate "in the fluid core. In 
samfiling, pieces should therefore b?; taken from as many different parts 

' I.QC. cit.^ p.<64- • • ** 

“ Cf. iilso, Wegseheider and Waller, Monaish,^ I 905 > 26, 685 ; 1906, 27, 13. 

• • A 



666 THE MANUFACTURE OF SODIUM' CARBONATE 

as possible., In the works the sampling is best done while the material 
is still liquid ; the most sa,tisfactory procedure is to draw three samples 
from each pot as it is emptied, viz., from the top, the middle, and the 
botto'm respectiveljyf, and to pour these, one after the other, on to a plate 
and to take the middle portion pf the whole for analysis. The three 
lots can be readily separated,, aj the surfaces of the layers of each 
sample solidify before the pouring of the next. 

The samples readily take up moisture apd carbon dioxide, on the 
surface, shown by the formation of a. bright whitq, crust even when 
preserved in well-stoppered bottles, this crust should be removed by 
scraping before the sanfples gre weighed for analysis. 

According to Bockri.ann, the sample should be roughly powdered 
as rapidly as possib'e, to .prevent absorption of moisture; if single 
pieces be taken instead of the more homogeneous coarse powder, 
differences up to l per cent, may result with different portions of the 
same product. Such powdering is nat, however, to be recommended, 
since some absorption of moisture and of carbon dioxide cannot be 
avoided and may give rise ta errors appreciably exceeding l per ceht. 

The chemical analysis of caustic soda is generally confined to the 
determination of the total alkalinity and of the caqstic soda, or more 
correctly the available soda inclusive of sodium silicate and sodium 
aluminate. Sodium chloride, sodium sulphate, and water may also be 
determined. Other impurities are only present in_ small amount and 
are consequently only determined in exceptional cases; the methods 
described under black ash and soda ash are then employed. 

Analysis of Caustic Soda.—Fifty g. of the sample, freed from 
crust by scraping, as described above, is dissolved in water, the 
solution made up to lOOO c.c., and portions of this solution with¬ 
drawn for the following tests. 

1. The Total Alkalinity is determined by titrating 50 c.c. of the 
solution ( = 2'5 g. rubstance) with normal acid, using methyl orange r.s 
indicator. The result is variously calculated according to the .scale 
employed (see p. 552). In England the results fire either expressed 
in percentage of “real Na.^O” or in percentage of “commercial NajO,” 
the latter figure being arrived at by multiplying the percentage of 
roal Na.jO by 31-4 and dividing by 31. In Germany the alkalinity is 
expressed as a percentage of sodium carbonate, and in France in 
degrees Descroi.zille.s. 

2. The Sodium Hydroxide actually present may be determined in 
various ways. , The only other alkaline sub.stance to be taken into 
account is sodium carbonate; the quantities of aluminate and silicate 
are extremely minute, except in the case of caustic bottoms (p. t;43\ 

Thq most exact method of determining the carbonate is to determine 
the carbon dioxide evolved on treatment with a strong acid. This may 
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be done either gravimetrically by the Frcsenius-Classen method, or more 
rapidly and accurately by the method of Lunge and Marchlewski 
(p. 6is), 

The method ciapendjng upon titration \yith phenolphthaleiH and 
hydrochloric acid, after the addition of an excess Rf barium chloride 
(p. 526), is almost equally exact. Tjfis methods gives Uie causliic soda 
directly. • 

In the United Alkali Co.’s laboratory«at "Newcastle 40 g. of the • 
caustic soda is jjlaccd in ^ Jlasl* connected with a ‘series of three 
absorbing bottles or ,tubes containing a mixturg of about 40 c.c. of 
10 per cent, bariuni chloride solution, and 40 c.c. of 10 per cent, sodium 
hydroxide solution filtered after mijfture. Excess o? dilute hydro¬ 
chloric acid is gradually added throgigh a tap-4mnel, and then the 
liquid Is boiled and a ‘current of ajr, free from carbon dioxide, passed 
through till all carbon dioxMe has been expelled. The liquid from the 
absorbing vessels is quickly rinse/;! into*a 500 c.c. flask, made up to the 
mark, and well shaken. Two portii,ns of 100 c.c. each arp titrated with 
acid^ one turbid, the other aftef filtration ;,thc difference between the 
two represents tlie carbonate present in the sample. 

For routine testing in the works the following method is to be 
recommended. It is not tjutte .so accurate as the above, but it has 
the advantage of rapidity and serves as a check on the total alkalinity 
(test i). Fifty c.Cj of the solution, preferably cooled nearly to 0°, is 
titrated first with hydrochloric acid and phenolphthalcin until the red 
coloration just disappears, which occurs when all the sodium hydroxide 
has been neutralised and the carbonate present has been converted to 
bica/bonate; methyl orange is then added to the .solution and the 
titration coutinued until the yellow colour changes to pink. If n c.c. 
of acid are required for the first part of the titration, and w additional 
c.c. for the second, 2 m corresponds to the Na.,CO,, present and n — m to 
U)e NaOM. • . 

3. The ditermination of Chloride, Sulphate, and other impurities is 
carried out as desepibeJ under Soda Ash, p. 557. 

4. Water. Caustic soda may contain up to 30 per cent, of water 

when it reaches a brokijr or analyst. This i^ more especially the case 
when samples have been sent in badly sealed boxes, etc. • • 

In such instances the water cannot be accuratJIy determined by 
direct heating in a^rorcelain crucible owing to unavgidable mechanical 
loss through small particles being carried away*by the e.staping steam ; 
on th9 other hand, if caustic soda be heated in a drying oven to 140" 
a gain in weight may very easily eccur, due te absorption of carbon 
dicCcide; suph a gain almost invafiably occurs when the water content 
if low. * • 

The moisture determination is therefore best nfadc as cfescribed 
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under Saif fp, 506). About 5 g. of the .caustic soda is heated to 150° 
on the sand-bath for three or four hours in an Erlcnmcyer flask of the 
prescribed dimensions. The funnel must be kept in position the whole 
time (in this the method differs from that employed j.n the case of salt), 
to prevent absorption of carbon dioxide. The flask and funnel are 
placed bn a marble slab, after the'''heating is completed, allowed to cool 
in the air, and finally weighed. . n 

Caustic Salts arc analysed in the sacrie way as caustic, soda: 

Jd. Sodium niCARUONATiv’ 

Sodium bicarbonate,^NaHCOa, contains 36-90 per cent. Na.^ 0 , 12-38 
per cent. CO^, and 10-72 per cent. HjO. In the pure condition, that is, 
when fully saturated vvith carbondloxide, it reacts alkaline towards litmus, 
and, according to earlier accepted'views, neutral to phcnolphthalein. 
Ktistcr’ state.s that in dilute .solution it reddens phcnolphthalein in 
consequence of hydrolysis, and Siemens'^ has found that such reddening 
is produced by even the purest bicarbonate. The solubility and other 
properties are described in llunge’s Sulphuric Acid and^AlkaliS 

On exposure to the air the powder lo.scs carbon dioxide, even at the 
ordinary temperature, and much more rapidly at '.iomewhat higher 
temperatures. The aqueous solution, in a .similar manner, rapidly 
parts with some of its carbon dioxide and then contains appreciable 
quantities of the normal carbonate. 

Commercial bicarbonate is very seldom absolutely free from normal 
carbonate, but the quantity of this should only be very small. 
Bicarbonate should dissolve in water to a perfectly clear solution and 
chloride and sulphate should only be present in traces. Formerly 
bicarbonate was frequently found to contain sodium thiosulphate, due to 
its having been manufactured from Leblanc soda liquors by the Dcacon- 
Hurtcr proce.ss. Bicarbonate manufactured by the ammonia-soda 
process may contain a little ammonia as cartonate or ch.loride, but at 
the present time the high percentage (2-6 per cent, ammonium car¬ 
bonate) found by Lehmann^ is not likely to occur; a much smaller 
percentage than this would make itself evident by the odour. 

Bicarbonate of soda is'very largely used'in medicine and in bakeries, 
and it should tho’-efore not contain metallic impurities in sufficient 
quantity to be detectable by .sulphuretted hydrogen or by ammonium 
sulphide. The detcctio,',! of small quantities of ar.senic is carried out 
as described on p. 433. 

Qualitative analysis of Sodium bicarbonate _This is "directed 

O • 

* Z. anorg, Chem.^ 1896, 13, 127. , 

Fischer's Jahresber.^ 1897, 455, See also Tillmans and Heublein, Z, an^eh. Chen,, l^^r, 

24. 874. . 

^ Vol. w., p. 53. * ♦ Chem. Ind.^ 1887, 10, 88. 
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in the first place to the examination for chloride and sulphate, which 
impurities shoTjld only be present in very small quantity; this applies 
also to ammonia. Thiosulphate is detected* accorch'ng to Mylius,' by 
adding dilute sulphuric acid and zinc, and examining for sulphuretted 
hydrogen by means of lead paper. * According to Musset,* very small 
amounts of thiosulphate can be detected by the^grey coloration.duc to • 
mercuric sulphide, which is forrued wh^n 5 g. of the bicarbonate are 
ground 'vith q i g. of calomel and two drops of Vater. * • 

Thiocyanates are defected, according to'UteschdV,* by agitating 
a large quantity ot the bicarlionatq with water an^ testing the solution 
with ferric chloride in hydrochloric acid solutio.n. 

^veral methods for detecting the prcscncepf the normal carbonate 
in bicarbonate are known. The methods depending upon the red¬ 
dening of phenolphthaleiif are, according” to Kiister’s observations 
{cf. p. 568), inaccurate. The method usually employed is the reaction 
with merchric chloride. A .solutjon of Mercuric chloride in two parts 
of water is added to a solution of the bicarbonate in fifteen parts of 
wattrr, when a white cloudiness* which gradually becomes brown after 
several minutes*is produced. This method is, however, by no means 
reliable, and the same may be said of all pther qualitative tests for the 
normal carbonate. The prtisemee of the normal carbonate can only be 
proved with certainty by a quantitative examination. 

The detection of normal carbonate by means of magnesium sulphate 
is absolutely untrustworthy. It is better, according to Leys,* to 
employ a saturated solution of calcium sulphate which, in the presence 
of sodium carbonate, gives a precipitate of amorphous calcium carbonate, 
which is easily distinguishable from the crystalline calcium sulphate. 

Kubli '' rfcommends the use of quinine hydrochloride, which is not 
precipitated by bicarbonate containing less than 2 per cent, of normal 
carbonate. , 

,' Quantitative analysis of Sodium bicarbonate consists in de¬ 
termining the percentage of available alkali and of carbon dioxide. 
As a matter of fact^ the latter determination alone i.s sufficient. 

The indirect inetFidd of determining total carbon dioxide by driving 
it off and noting the Jpss of weight in one, of the known forms of 
apparatus, is not sufficiently exact. Trustworthy results carr only be 
obtained by determining the carbon dioxide directly, either gravi- 
metrically by absolution with soda lime, etc., or gasjvolumetrically by 
the method of Lunge and Marchlewski as modified Ily Lunge and 
Rittciifir j^p. 615). 

The method described on p. 530 may also Ije employed, but since 

*' '.iFisch^'sJahrahrr., 1886,282. - Z, angnv, Chim., 1S90, 3, JII. 

* Afoth.-Zeit., l888,*6icn * Chm. Crtilr., 1898, I., 752. 

• ■’ JhJ., 1898, II., 4lfi. 
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this necestiitatcs bringing the bicarbonate into solution, care must be 
taken to avoid loss of carbon dioxide during this operation. The 
determination is carried oiit as follows:— 

5 © g.ids weighed off in a small beaker, and, dissolved in about 
100 c.c. of water‘-which has been'previously thoroughly boiled and 
again v.oolecl to 15° t;) 20°. Sdlution is effected in a large beaker 
of 900 to 1000 c.c. capacity, agitation of the solution being avoided 
as far as possible; the operation may be assisted by cautiously 
breaking up any lumps of bicarbonyte that -cmain on the bottom of 
the beaker with a .glass rod, care, being taken not to stir up the 
solution at all violently. Unless these preca’itions be observed, 
loss of carbon dioxida may easily occur and the results obtcTined 
will not be reliable. The water employed should not be below 
15° nor above 20“ in temperature; in tlie former case, solution is 
difficult, and in the latter, loss of carbon dioxide is likely to result. 

Ten g. of pure sodium chloride is then added to the solution, 
which is cooled to nearly o”, and titrated with Njl hydrochloric acid, 
using phenolphthalein as indicator, the titration being carried to the 
point whore the red colour just vanishes ( = r? c.c, acid). The jet 
of the burette should dip into the solution. Methyl orange is next 
added, and the titration continued until the' colour changes to yellow 
{ = /> c.c. acid). 2n c.c. correspemd to the alkali present as Na.jCO,,, and 
i—a to that present as NaHCO,j {cf. p. 530). 

Sundstrom’s method,' which consists in adding sodium hydroxide to 
the bicarbonate solution until the latter has been converted into 
carbonate, this point being determined by the brown coloration pro¬ 
duced by spotting with silver nitrate, has been examined by Lunge® 
and found to be reliable. It is, however, less convenient than the 
method described above, and is in no way more accurate. 

Estiinaiioi of the total Carbon dioxide. This is a more reliable 
check than the above on the composition of bicarbonate; the quantity 
should at least reach 50 per cent, (theoretically, 52-34 pc-i' cent.). The 
best plan is to determine the carbon dioxide picsont as bicarbonate 
directly. A simple, rapid and exact method for this determination has 
been described by Lunge,'* which consists in heating the sample to a 
d^'finite femperaturc and determining the carbon dioxide driven off; 
the method is only applicable to solid bicarbonate and not to solutions. 

The apparatus shown in Lig. 206 is employed in carrying out the 
test. It is connected with a bulb-nitrometer (p. 81), or preferably, 
with a gas-volumeter (p. 83), or with any other suitable apparatus 
for measuring or weighing the carbon dioxide evolved. 

A glass tube, 65 mm. long and d mm. internal diameter, is fv-sed 

’ Privtle communication to Professor Lunge. “ A. attfie-w. Chem.^ 1897, ll, 169. 

‘ angew. (hem,, 1897, ll, 522. 
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at one end to a wider tube, provided with a tightly fitting*ground-in 
stopper, a, and at the other end with a capillary tube, d, 6 o mm. long. 
The stopper a is continued in the form of a* glass /od, mm. long, 
which, whilst not,froun^ into the tube, fits it fairly tightly. 'This 
leaves a free space, r, 35 mfn. long and C mm. diameter, which is 
separated from the capillary by mcaAs of a sm/ill plug, of asbeetos or 
gks.s-wool. This free space wMl holcf about 0 850 g. of powdered 
bicarbonate, a quantity which,.provided the quality be good, will give * 
rather more tharj no c.c. carbon dioxiclc, measured at 0° and 
760 mm. This volume can be readily measured jn the universal gas- 
volumeter, which is graduated from i to 30 c.c. i.nd from too to 140 c.c., 
the fntervening space being taken up' by the/ bulb. Should the free 
space in the decomposition tube be, too small pr too large for the 
measuiing apparatus e'mpMycd, it rpay be altered by making the glass 
rod shorter or longer, as ifiay be necessary. 



I'm. 201I. 


The .stopper extension i allows the space c to be well heated without 
risk of cracking the ground-in portion a, and so permit.s this part to be 
made perfectly tight by using a little vaseline or other grease. 

The heating is effected in the air-bath which consists of an iron 
wuciblc bored in two co*Tes[)onding positions on. opposite .sides and 
covered with’a piece of asbestos card,/, through which the thermometer 
«■ is placed. A shec^t^of asbestos card, //, is fixed over the capillary d; 
this card extends below the flame used to heat the crucible r and thus 
protects the gas-volumcter^froni the heat; wi interval of at least ten 
minutes must be allowed after each operation before the vtiluftie of gas 
collected is adjusted and read off. , * 

To carry out tire determination,* tho tube is fir.'it,weighed empty, 
then filled with bicarbonate and agahi weighef.. Care must be taken 
that iTorw: of the bicarbonate remains in the portion fitted with the 
stopper ab ; any particles adhering to the walls in*this portion of the tube 
mifet be removed by a rubber-cov6red rod or other suitable contrivance 
before the stopper, which should be covered with a little vaseline, is 
inserted. The tube is then placed in the flir-bath, as shown in Fig. 206, 
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so that the whole of the bicarbonate gets heated, and the free end of 
the capillary d connected with the side capillary tube of the gas- 
volumeter. The ^mall capillary space between these two tubes is 
evacuated, two or three times by lowering fhe levelling tube of the 
volumeter until a ‘‘vacuum exists in thd measuring tube, shutting off 
from the capillary andu expelling'uhe air from the measuring tube by 
raising the levelling tube. Three such evacuations may be carried ou^ 
in the space of a minute.' The levelling tube is then lowered and the air- 
bath heated by a flame of moderatQisiz,e l^o between 260° and 270°, an 
operation requiring qn the average about seven minutes. The heating 
is continued for a further three minutes, after which the tap connecting 
the capillary with the measuring tube is closed, the apparatus allowed 
to .stand for about t^n minutes to attain the atmospheric temperature 
and the levelling and reduction tubes adjusted'in the usual manner to 
allow the volume of gas evolved to be read off directly as dry gas 
corrected to o” and 760 mm. Since the gas is always collected moist 
in this determination the reduction* tube must be set accordingly; the 
condensation of water is very small and exerts no influence on' the 
reading. The percentage of carbon dioxide may be calculated directly 
from the volume read off, since the free capillary space is so small 
that no appreciable quantity of air remains after evacuating three times 
as described above. Lunge, however, recommends transferring the gas, 
after measurement, to an Orsat apparatus and proying that it is com¬ 
pletely absorbable by alkali hydroxide, which he finds is always the 
case. One c.c. dry COo at 0° and 760 mm. pressure weighs i'9772 mg., 
and corresponds to 7'54g3 mg. NallCO,. To arrive at the actual 
percentage of bicarbonate in the sample examined, the figure 7-5493 is 
multiplied by the number of c.c. of gas liberated and divided by the 
weight of substance taken. If it be desired to determine also the 
amount of normal carbonate present, a second portion of the sample 
may be titrated with normal acid and methyl orange, or the total carbon 
dioxide liberated by decomposing with hydrochlor'c keid may be 
determined (p. 615). In the latter case, twice -the, volume of carbon 
dioxide found in the bicarbonate estimation is deducted from the 
total carbon dioxide fou^d, and the remainder calculated to normal 
cqrbonatfr. 

The residue irt the decomposition tube used in the determination 
of the bicarbonate can be v'ashed out and titrated; this saves a 
weighing, but it is scarcely as accurate as the titration of a separate 
portion, owing to the risk of losing some of the material. Thjs deter¬ 
mination of normal carbonate is, as a rule, unnecessary. 

Sodium Sesquicarbonat . — A" certain quantity of. naturally 
occurring soda is brought on to the market, chieliy from the Magabi 
deposits in British East Africa. It is intermediate'^ in composition 
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between carbonate and ‘bicarbonate, and approximates to t^e formula 
NajCOg-2NaHC03'3H2O. is analysed by the saine methods 
as are used for bicarbonate. • ’ 

The ExAMiNAi’r'oN ot Commek’cial Liquid Carbon Dioxide 
The following particulars are takeAi from a vpry complete in-restiga- 
tion of the subject by Lange.’^ In determining the value of commercial 
liquefied carbonic acid, it is, as. 
a rule, sufficient to find out « 
what proportion of gases not . 
absorbable by potassium hy¬ 
droxide solution is contained ■ 

in the liquid. It is usually ^ 

unnecessary to deternline the 
volume of air present in the 
gas space of the cylinder. This , 
and the determination of the ■> 
carbon dioxide present in the ' 
gas space need’ only be done 
in very exact work, when a 
series of samples other'X'ise 
similar have to be examined. 

In determining the^ percentage 
of air in samples of the gas 
drawn from the cylinder, it 
will usually suffice to deter¬ 
mine the carbon dioxide in 
the gas spa^e before and after 
the taking of the sample. The 
percentage of air present in 
th’c sample is then takiiii as 
the mean of the two deter¬ 
minations, provided -that the - 

carbon dioxide last examined 2^,, 

is not perfectly air-fre<;. , 

Any suitable form of apparatus for gas analysis may ‘oe Employed 
for the determination of the contained air. Ljngc feakes use of the 
modified Winkler gas-burette shown'in Dig, 207. . , 

The tube A has a capacity of 100 c.c. and’is narrowed at the top 
to a tube, of 5 c.c. capacity, graduated in C-C- It connected at its 
lower end with the tube B by means of a pieac of ruEiber tubing; a 
run;off tap not provided. The bent tube e is connected by a length 
of rubber tubing with .a glass tube, which dips into about 250 c.c. 

1 Ch*m. /«(!., 1900, 23, 530 ; J\ Sou Cht%i. Ind.^ 1901, 20, 122. * 
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of the solrtion contained in the bottle D, clamped to the stand. To 
charge the apparatus, potassium hydroxide solution of sp. gr. I'Zpy is 
introduced into B in sufficient quantity to more than half fill the tubes 
B auid ] the stopper carrying the bent tube g and the attached 
rubber tubing is then fixed in position in B, and the alkali solution 
driven tout of the tube A, by blo<'ing through a rubber tube attached 
above the tap i, till its level' is at the tap a, which is then closqd. 
There is now continuous liquid from n_to the bottle D,,which is now 
fixed at such a height on the stand that ou opening a no alteration 
of level occurs. Thp liquid will no,w fall automatically to a whenever 
/> is opened, so that succe.ssive analyses can be rapidly performed. 

The examination ot^ the carbon dioxide is carried out as follows. 
An adapting piece is screwed, using .some luting material, into the 
outlet pipe of the cylinder, which is placed in a'vertical position, and a 
piece of rubber tubing attached to the adapter. The cylinder valve is 
then opened and carefully regulated, sp as to give a steady and not too 
rapid current of the gas, and the rubber tube is connected with the tap 
a, which is turned so that .the gas enters the tube A, driving out the 
contained air through the tap k After a minute the’ tube A will be 
filled with the gas; the operation may, however, be continued until 
needle-shaped crystals of potassium bisarbonate are formed in the 
upper narrow portion of A. The tap A is then closed, and after the gas 
in A has been brought to atmospheric pressure by removing the rubber 
tubing, the tap a is turned through 90 ’ to bring A and B into communica¬ 
tion. The potassium hydroxide solution immediately rises in A ; the 
absorption may be hastened by gradually turning A into a nearly 
horizontal position. Towards the end of the absorption the tube is 
tilted to and fro and then clamped. The bottle D is_ then raised 
until the levels of the liquid in A and D are the same, and the volume 
of the gas read. When many tleterminations have to be made, the 
adjustment with 1) may be dispensed with ai\d the volume read dircerjy 
by the aid of a suitable correction table. The difference, between two 
successive tests should not exceed 005 per pent, by volume. The 
upper part of the tube being graduated in c.c,, it is possible to 
approximate to c.c. in the readings, and so obtain very accurate 
results. 

To draw a sample from the liquid contents of the cylinder, it should 
be laid on its side, on a suitable support, .so that the outlet tube of the 
valve points upwards. -.As a rule, it will be found possible to obtain a 
satisfactory and not too violent current of gas by slowly and cautiously 
opening the vaive ; srqall particles pf solid carbonic acid will always be 
found to issue with the gas. In so.ne cases the setting of the valve 
is very troublesome and the current of gas is so violent ana inter¬ 
mittent'that a very slight turning of the valve may cause the rubber 
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tubing to burst. Wheti this is the case a reducing vabjs may be 
inserted add the gas allowed to issue for some consideratle time to 
replace the air in the reducing valve com{)letely ’before the sample 
is taken. ^ , 

The methods lor the examination of liquid ca.’bon dioxide have 
been more recently investigated by Thiele aqd Deckcrt,* whyo have 
pqinted out the importance of determining the gases other than carbon 
dioxide,, and,the difficulty of doing so ,if the carbbn dioxide is ' 
determined by a gas-volutnctric p/ocess, owini^to the Small volume of 
the residue. They accordiilgfy recommend a 'Inpthod in which the 
carbon dioxide is absorbed over potassium hydroxide in a special 
meajuring tube, fitted into a flask' which'‘is weighed before and after 
the absorption. A considerable volume of the unabsorbed gases is 
thus ol.'.taincd, which is -transferred to a gas-volumeter for measurement 
and subsequently analysed- if desired ; the increase in weight of the 
flask gives'thc content of carbon dioxide. 
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iiAWMATERIAPS » 

The raw materials employed in the Weldon process and for the 
preparation of chlorine on a smalh scale, arc hydrochloric acid, the 
examination of which has already been described (p. 514), and native 
manganese peroxide; the tatter is necessary in the Weldon process to 
make good the loss of manganese that occurs in the operations 
involved. In the Deacon process hydrochloric' acid is the only raw 
material; in the various electrolytic processes the raw material is 
either sodium chloride or potassium chloride. 

In the Weldon process for regenerating the manganese dioxide, 
lime, or milk of lime, is required. The lime employed is very fre¬ 
quently prepared by burning limestone in the works where it is used. 
Certain special properties are essential in lime intended for this 
purpose. Slaked lime is also required in the manufacture of bleaching 
powder and milk of lime in the manufacture of potassium chlorate. 
The method of examining the potassium chloride employed in the latter 
industry is given in the section on “Potassium Salts” (Vol. II.) This 
section is restricted to the methods employed for the examination of 
manganese ore, quick lime, slaked lime and milk of lime. 

I. Manganese Ore 

, Native manganese ore consists of manganese dioxide admixed with 
larger or smaller quan,f^ities of impurities. A description of the various 
minerals in which it is preserrt, th'c localities in which they occur, etc., 
will be found'in Lunge's Sulphuric Acid ank Alkali} 

The technical examination of manganese ore intended (or' use in 
Weldon stills, is confned to the determination of moisture, active 
oxygen, carbon dioxide, and the quantity of hydrochloric arid necessary 
for decomposition. " 

* ‘ Vol. iii., p. 339. 
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1. Moistur^. —According to R. Frescnius, manganese or(;^nly parts 

with the whole of its hygroscopic moisture at 120’; at higher tempera¬ 
tures a portion of the combined water is aLso*driven*off The method 
of drying recomme^»dod ^ry Fresenius based on this considcratitTn is, 
however, not followed in works,*the practice being to firy the ore at 100° 
in the following manner. * , , • 

, ‘A fair quantity of the very ftrelv ground ore is weighed off, and 
spread out in a thin layer on a large watch-g^assjand heated directly on 
a briskly boiling jvater-bath^ V crt 100" in a 'drying-oven, until the 
weight is constant. Drying should-be complete aSter four hours; if it 
be continued for six hours, it is safe.to assiyne that constant weight has 
been Attained. * g • , 

2 . Active Oxygen is always expre;^ed as pcr«'ntage by weight of 
mangane.se dioxide. This ittcludes ajl oxygen combined to form oxides 
higher than manganous oxfde, MnO ; or in other words, all oxygen 
capable of reacting with hydrochloric acid to liberate chtorine. One 
part active oxygen = 5-433 parts MnO,3. 

CX the many methods of determination which have been proposed, 
only a few arc actually employed. A method formerly much used is 
that of llcrthicr ajid •Thompson, as modified by Frescnius and Will, 
which depends on the oxidatioti of oxalic acid. 

The ore is wa.rmed with strong sulphuric acid and oxalic acid, the 
carbon dioxide liber^atcd thoroughly dried before leaving the apparatus, 
and the loss of weight determined. There arc many sources of error, 
only partly overcome by the proposal to weigh the carbon dioxide 
directly by absorbing it tvith .soda lime. 

Bftter results arc obtained by applying the reaction volurnetrically, 
by starting, for example, with a known weight of oxalic acid and 
titrating back the excess with permanganate solution ; this modification '■ 
has not, however, found any extended applicaiion in works practice. 

• The same may be said ef Bunsen’s method, which.consists in boiling 
the ore with strong hydrochloric acid, absorbing the evolved chlorine in 
potassium iodide sohijiitn, and titrating*thc liberated iodine with sodium 
thiosulphate. This method is but seldom employed, notwithstanding 
the fact that the laboiv involved has been (greatly reduced by the 
introduction of convenient apparatus." • " 

The method most generally adopted is yie ferrous sulphate 
method of Levol and.Poggiale. Carried «ut in the feljowing manner 
described by Lunge, the process is looked upon %s a stanSard method 
in the ker^vy chemical trade, as it is convenient and exjet, and gives 
concordant results in the hands of different analysts. 

Lunge, %//'/iNnc .ic^f mu/ vol. iii., p. 344. 

^ C/. Lunge, Sulphiuu. Aiu/ afu/ AlUh^ vol. 111., p. 346, and Farsoc, /. an A. Cluwi.^ 1907, 

46, 308. • * • 
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1-0866',g. of the very finely ground ore thoroughl;^ dried at ioo° 
is treated in a round-bottomed flask fitted with a Bunsen valve, or 
still better with a Contat bulb (Fig. 20, p. 63), with 75 c.c. of acid ferrous 
sulphate' solution which is added from a nipettc in three portions 
of 25 c.c. at a time. The ferrous sulphate solution is prepared by 
dissolving 100 g. of pure ferrous sulphate and loo c.c. of pure con¬ 
centrated sulphuric acid in 1 litre of water; it should be standardised 
daily when in use will) N'ji permanganate solution, using the 25 c.c. 
pipette employed in the tests. After the addition of the ferrous 
sulphate solution, ti.e flask is heated until the whole of the manganese 
dioxide has gone into '.solution anc( the insoluble residue is no longer 
dark coloured. Wher the flask and contents are quite coin the 
solution is diluted 'vith f;om j.oo to 200 c.c. of water, and titrated 
with permanganate until the faint rose-tint ceases to disappear 
instantaneously on stirring the solution, and remains permanent for at 
least half a’ minute; subsequent decoloration may be disregarded. 
The quantity of permanganate solQtion required is deducted from that 
corresponding to the 75 c.e. of ferrous sulphate solution; each i e.c. of 
the remainder corresponds to 0-02173 g- MnO.^, or for the weight of 
ore taken above, to 2 per cent. MnO^. 

Another method, characterised by extreme rapidity, and which is 
very useful as a check on the above, is Lunge’s ‘ gas-volumetric method, 
based on the interaction of peroxide of hydrogen and manganese 
dioxide according to the equation ;— 

MiiO,,-t- H,0j + ILSO, = MiiSO, + all ,0 -h 0,,. 

The value of the peroxide is determined by the volume of oj^ygen 
evolved, which, as will bo seen from the above equation, is equal to twice 
the quantity of “active oxygen’’ present in the manganese dioxide, the 
hydrogen peroxide being of course present in excess. Each r c.c. of 
oxygen evolved at 0° and 760 mm. corresponds to 0-O038S2 g. MnO^. 
If 0-1941 g. of the manganese ore be taken for analysi.s, each 1 c.c. of 
oxygen evolved = 2 per cent. MnOo; and if 0-3SS2 g. ore be taken, each 
I c.c. of oxygen=l per cent. MnO^. The former quantity is suitable 
for small nitrometers, the latter for the larger apparatus. 

- The operation is carried out in the nitrometer with the auxiliary 
flask as described on p. 82, the volume of gas obtained being reduced 
to the volume cf dry gas at u’ and 760 mm. It ie, however, more con¬ 
venient to employ the “Gas-volumeter” (p. 83), whereby the corrected 
volume is obtained without calculation. -> 

The following poii.ts should be observed when carrying out this test. 
The ore must be ground until extremely fine, so as to allow of complete 

‘ BtK, 1885, 18, 1872 ; /. Cir/ii., 1890, 3, 8 and 75 ; c/. alsi^ Lunge, Sulphunc Acid 

and Aiialty vol. iii., p. 349. 
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decompositior^; and the quantity weighed off must be placed«fn the outer 
compartment of the decomposition flask, care^being t^ken that none gets 
into the inner compartment. A few c.c. of dilute sulphuric acid is first 
added to decompe,^ anjj carbonate, present in the .sample. TlycTrogen 
peroxide is then placed in th^ inner compartment, an excess over the 
amount necessary to decompose th^ oje being uscd,*and th(? bottle 
J;ightly closed by the rubber stopfjcr connected with the,nitrometer tap. , 
The pressure is equalised by opening thc'tap^to the,air, so that the 
mercury comes tq the zeto jj(*int*of the nitrometer. In placing the 
stopper in the decomp jsition flask,*and also in the* subsequent shaking, 
the flask should be held by the ne^k onl);, so 'as to avojd wanning by 
the Rand as far as possible; a more .satisfaelfcry plan is ito allow the 
bottle to stand for at least ten minute* in water, ift the room tempera¬ 
ture, both before anil after the dcc»nipo.sition. After the mercury has 
been brought to the zero mark the flask is tilted, so that the hydrogen 
peroxide flows from the inner ^:om[)artmcnt on to the ore, and the 
bottle is then shaken. Shaking should only be contmued for two 
minfites (since a,ftcr this period there is a tisk of the insoluble matter 
acting upon the hydrogen peroxide and cainsing evolution of oxygen), 
even in cases vvhcfc decom_i 30 sition is inctjinplete owing to insufficient 
grinding. Incomplete decoirfposition is evidenced by the presence of 
dark material ii^the otherwise light coloured residue of silicate ; longer 
agitation does not aid the reaction, but only promotes the decomposition 
of the peroxide. The level of the mercury should be adjusted and the 
volume of gas read as soon as the initial temperature has been attained. 

The evolved gas may be regarded as fully saturated with aqueous 
vapgur, and the reduction should be made by the aid of the “ moist 
reduction tube” (p. 85); should the apparatus be provided with a 
“ dry reduction tube,” the correction must be carried out as described 
on p. S5. 

• A. Baumann^ emp!oys*an azotometer for the detomjiosition (|). 75), 
and to avoid’calculating the gas volume to o” and 760 mm., weighs 
off a quantity of ore.dorresponding td the temperature and barontetric 
pressure; this is facilitated by means of a table giving the quantity to 
be weighed off under varying conditions, *I'he u.sc of suclj a table 
does not allow of any variation in temperature bet,wecn the time of 
weighing off the ore and the time of making *116 anal) sis, and since 
a difference of i ’ C? mean^s a rise of falfof per eait,in the result 
this point is of considerable iinportance.- 

A. 4 !E»imann “ has also devised a volumetric method based on the 
same reaction. The manganese o^rc? is allowed to react with an excess 
of Hydrogeit* peroxide, previously standardised by permanganate solu- 

' Z, imgtw. t/iem., 1890, 3, 78. • - C/. Lunge, 13C. t 

^ Jbtd., 72. 
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tion, and the excess of peroxide is titrated back. The hydrogen per¬ 
oxide solution ernployed is prepared by diluting the commercial 
peroxide with dilute sulphuric acid (i : lo) until the mixture will 
decorripose approximately its own_ volume of permanganate solution. 
For the analysis 0 4 to l-o g. of the very finely ground manganese ore is 
weighed' off, and treated in a ta,ll l^*aker or in a flask with exactly 50 c.c. 
of the hydrogen peroxide solutton.. The mixture is shaken at frequent 
intervals during half an hour, after which time any imdecOmposed 
hydrogen peroxide is titrated with pjrmangaiiate solution. 

MacLachlan' is Ibf opinion that* the determination of the active 
oxygen in hydrogen ^peroxide by means of an acid solution of 
potassium permanganat ’ is altogether unreliable. Lunge maintains 
that this view only applies to the volumetric determination, and 
accordingly Baumann’s method is to be regarded as inexad. until 
further investigation proves the contrary. Lunge has fully confirmed 
the accuracy of the gas-volumetric method by a large number of tests. 

For a critical discussion of the' methods of determining available 
oxygen, see O. L. Barnebey.- 

3. Carbon dioxide—This determination is important, since carbon 
dioxide constitutes a very harmful impurity in chlorine intended for the 
manufacture of b'eaching powder. Traces' of carbonate may bo detected 
by .stirring the powdered ore on a watch-glass with w'ator until all 
adhering air-bubbles have been removed, then adding a little dilute 
hydrochloric acid, and viewing the surface of the solution from the side. 
The liberated carbon dioxide comes off in the form of small, briskly 
evolved gas-bubbles, and cannot possibly be confused with air. The 
quantitative determination may either be carried out gravimetrically by 
liberating the carbon dioxide with dilute sulphuric or nitric acid, and 
absorbing in soda lime, or still better and more rapidly, by the gas- 
volumetric method de.scribod on p. 61 5. A good ore .should not evolve 
more than i per cc.it. of carbon dioxide. " 

4 . The Hydrochloric acid necessary for decomposition.— One g. of 
the ore is dissolved in 10 c.c. of strong works abkl -of knowm strength, 
the operation being carried out in a flask provided with a reflux con¬ 
denser, and solution assisted by heating, fl'hoi.solution is then allowed 
to cool and normal sodium hydroxide added until the separated reddish- 
brown, flocculcnt precipitate of ferric hydroxide no longer di.ssolves on 
shaking. The '.ivimber of cx. oV the acid used for decomposition, 
equivalent to the volume of sodium hydroxide solution required, is 
calculated, am' the figure thus obtained deducted from 10, the number 
of the c.c. of acid takeiVin the first instance. 

' C/itm. ix. Proc., 1903, 19, 21C. 

J. Eng. C/titr., 1917, 9, 961. Cj. O. L. llaniebey and G. M. 'lisho^,/. .imer. Chem, 
Soc.^ 1917, 39 i 1235 ! itarnebey and W. C. Hawes, 607. 
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II. Limestone 

A description of the characteristic.s of the most suitfible limestone 
for the manufacture of bleaching powder is given in Lungc’.^ Sulphuric 
Acid and Alkali^ Th(? properties required' in lime intended for the 
Weldon process are somewhat simily; much depends.in bolhj:asos on 
the absence of magnesia. The JechnicSl examination is carried out as 
follows ■— _ , • ■ 

1. Insoluble matter.VOuc fp of the lifwcstone*is treated with 

hydrochloric acid*, and the ftisoluljlc residue thorpughly washed, dried, 
and ignited. Should, appreciable quantities of qrganic matter be present, 
the ♦nsoluble matter is first wcighc*d oi>a fared filter paper, after drying 
at 100°, and then ignited; the difference between the two weighings 
gives ‘‘he organic matter. • * 

2. Lime.—One g. of the limestone is dissolved in 25 c.c. of normal 
hydrochloHc acid and the cxce.'^s of aihd determined by»titration with 
normal sodium hydroxide solution. The number of c.c, required is 
deducted from 25 ; the remainder multiplier] by 2-803 gives the percent¬ 
age content of LaO, or multiplied by 5-003, the percentage content of 
CaCO,j. This methcifl of calculating the,result gives any MgO present 
in terms ofCaO, fniit this i.s quite permissible in limestones intended for 
u.se in alkali and bleaching powder works, since they should contain 
only very little Ina^ncsiuin oxide. 

For the same reason, it is equally permissible to calculate the lime 
content from a determination of the carbon dioxide. 

Should iho limestone contain appreciable (]uantities of sesquioxides, 
these must first be removed by precipitation with ammonia (free from 
car6onate),.and the calcium then precipitated as oxalate. In exact 
work the precipitates should be dissolved and reprecipitated (r/i p. 510). 
According to Passon,- this .separation m^y be obviated by adding 
phenolphthalcin to the agd .solution of the lime.stoi^c, and then sufficient 
ammonia to •produce a distinct red coloration after precipitation is 
complete. A 10 ppr-cent, solution ot citric acid is then added untjl the 
colour disappears and the precipitate goes into solution, after which a 
further 10 c.c. of citric^ acid solution is addyd, the whole diluted with 
water, and the calcium precipitated by the addition of ammonium 
oxalate to the boiling solution. Iron, aluminiunf, magnesium, and 
phosphoric acid do jiot interfere wlien tliis method.of precipitation is 
adopted. * • * 

3. Magnesia is, as a rule, only determined in limestone intended 
for use in the manganese recovery process, or, in the ‘manufacture of 
bleaching gpwder. Two g. of tlm sample is dissolved in hydrcchlcric 
a8id, the calcium T»'Cfipitated by the addition of ammonia and 

^ Vol. ni., p, 603. “ Z.%/i£fw. L'hem.y ^98, ll, 776.* 
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ammoniuiT} oxalate, and the magnesium deterfnined in the filtrate by 
prccipitatioii with sodium phosphate p. 511). ' 

4. Iron is usually only determined in limestone intended for the 
manu|'acti^re of bleaching powder. Two g, is dissolved in hydrochloric 
acid, the solution /‘educed by metallic :jinc, diluted', and titrated with 
permanganate after the addition ^f manganese sulphate solution free 
from iron {cf. p, 452); or the* solutii^n may be reduced by stannops 
chloride, and the titrati-m ijarrlecrout with bichromate solution, after 
removing excess stannO'-is chloride means of mercuric chloride. 

5. Carbon dioxide' is very frequently"determincd by lo.s.s. Very 

many forms of apparatijs for this purpose are in u^c.' The most rapid 
and accurate method is the gas-volninctric method described on p.-dij. 
If 0-4497 a- of the sample’ be taken, each i c.c. of gas obtained, measured 
at o' and 760 mm., corrcspo'nds to i per cent. CaCO,,. . 


in. Lime 
/!. Quick Liiif, 

1. Free Lime. —One hundred g. of the average sample is weighed 
off, carefully slaked, and the resulting cream traiisfercd to a 500 c.c. 
flask, which is then filled to the mark. One hundred c.c. of the 
thoroughly shaken contents is then drawn off with a pipette and diluted 
to 500 c.c. in a second flask, and 25 c.c. (=l g. quick‘'lime) of the latter 
well-mixed solution taken for analysis. A small quantity of an alcoholic 
solution of phenolphthalcin is first added and the solution then titrated 
with normal hydrochloric acid until the red coloration disappears. The 
colour change takes place when all the free CaO has been neutralised 
and before the (.'aCO,, has been attacked. Mach i c.c. of normal acid = 
0-02804 g- CaO. The titration must be effected gradually, and with 
thorough mixing, otherwise accurate results cannot be obtained. 
The rapidity of tlic reaction is increased, and the clearness of the 
end-point improved, by adding 25 c.c. of a ten per cent, solution of 
barium chloride before beginning the titration. 

Maynard ■ determines free caustic lime in admixture with other sub¬ 
stances by extracting with [jure glycerine at' a temtrerature of 40°. 
T'Hc extraction i'' continued for five days in a thermostat, and the 
mixture frciiucntly shaVen. The whole is finally filtered at 60" and the 
lime determined'in an aliquot part of the filtrate. 

2. Carbon dioxide.—The CaO and CaCOa are titrated together by 
dissolving the lime in a measured volume of normal hydrochroric acid, 

r {y. Clowes and Coleman, Quavhhthve nth edition, 1918, p. CD9; Treadwell, 

Anahiuat Chnnishy, vol ii , p. 375. 

BuIi!Soc. Chtm., rgoa [3], 27, 85. ; Chem. News, 1903, 87, 109. 
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and titrating back the excess of acid with normal sodium,hydroxide 
solution. The Ca^CO^ present can then be calculated by de’ducting the 
value found for the CaO under test i. In vc*ry exait work the carbon 
dioxide should be determined directly as described on p. 615. , 

• * . ‘ 

B. St.aki;» Lime , . , 

• ' I. Water. —About i g. of tlic .substance Js wcigljcd off from a 
stoppered weighing bott'.e, ailtl gradually* heated to *r red heat in a 
platinum cruciblci; it is lluiii*allowed to cool in the desiccator and 
weighed. The loss in weight = wafer + carbonic ac!d. 

2 ^ Carbon dioxide is determinad as described above ^A, No. 2). 

3. Content of milk of Lime in caustic Lime. — lilatincr's specific 
erravitv inelhod. In the case of a Wiin nilk, Mie reading must be 
made quickly, and before yic lime has time to settle out. In thicker 
milks, the, hydrometer is placed gc^itlj' in the solution, and the 
containing cylinder slowly rotated, so as to cause gentle shaking, until 
the hydrometer ceases to sink^in the liquor. The cylinder employed 
should not be Joo narrow. The followinj table, reduced from that 
given by Blattner,' gives the relationship between lime content and 
specific gravity aUl 5* L. 
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CONTROL Of WOKKINO CONUjTIONS 

1. M.\NUl'AcfuKF. at' CllLORlNK*l!Y MI^AN.S t)T NATIVE 
Manc.vn'e.se Ore 

In tlm process analysis is confined to th(j deternfination of the 
fre^acid injhe manganese liquor.'? coming from the chlorine stills, by 
siftiple titration with'notrrfal sodium hydroxide solution, the end-point 
• 1 /)»;?/./'ll/)'/,/., 1883, Zjo, 464. * • 
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being dccirled by the appearance of a permanfint, flocculent precipitate 
of ferric hydroxide. The residual acid in a well-finished' liquor may be 
less than 5 per cent, in cases where the stills are heated indirectly; as 
a rule, the free acid rises to 6 per cent, and over,.especially when the 
heating is done with open steam. " . 

II. Tui' Wnr,D('jN Process 

The finished liquors.are e.xamincd in the following manner according 
to Lunge’s modifica1|io'ii of Weldon’s method. 

The liquors from the stills arc tested for free acid as de.scribod 
above; with recovered manganese, such free acid should not excited 1 
per cent. Ofccasionally tne liquors arc also analysed for their manganese 
content, the method described under Weldcn miid being emplo.'-ed (cf. 
infra). 

The neutralised and settled liquors are tested for neutrality by 
means of litmus, and the degree of freedom from suspended matter 
judged by appearance; the percentage of calcium chloride present is 
determined by precipitation with oxalic acid in acetic acid solution. 

The precipitated mud should further be repeatedly tested during 
oxidation, as a check on the blowing operation. The’method of testing 
the mud is described below.' 

The calcium chloride liquors which flow away from the settled mud 
arc examined for freedom from mud carried forward mechanically. 

The mud obtained from the settling-tanks or filter-presses must be 
examined for both soluble and insoluble manganese. 

Hydrochloric acid used in the Weldon process should be as free as 
possible from sulphuric acid. 

The Jixivninnlion cf Weldon Mud. 

I. Manganese Dioxide. — h'or this determination the ..standard acid 
.solution of ferrous sulphate is required, the preparation of which was 
described on p. 578. The ferrous sulphate solution gradually changes 
in value, and must therefore be checked from day to day. 

The mud must be thoroughly shaken 'before tc.sting (mere stirring 
is not sufficient) and 10 c.c. drawn off with a pipette before any 
settling has occurred. '’The outside of the pipette is freed from mud 
by washing, acid'the lO- c.c. of mud allowed to flow into 25 c.c. of the 
ferrous sulphate solution contained in a beaker, any particles adhering 
to the inner wadis of the pipette being washed into the beaker by the 
aid of a wash-bottle. The mixture is then shaken until all the mud has 
dissolved, too c.c. of water added, and the solution titrated with i\72 

^ Lunge, Sulpk inc Acu/ami Alkalty vol. iii., p. 4^0. 
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permanganate. If the c.c. of acid ferrous sulphate solutijin required 
-r c.c, of permanganate, and the lO c.c. of the mud and ferr6us sulphate 
j/ c.c. of permanganate, then 2-173 f) gives the aumbe.r of grams of 
MnOj present in^l litre of the mud, and 2-1 73(4.-— j/) x 50634 the 
number of pounds per (Subic .foot. • ' > 

2. Total Manganese. — Fen c.c. (^f the mud is measured of^observ¬ 
ing the precautions described unrjer test*1, and boiled with strong hydro¬ 
chloric acid qntil chlorine ceases to be evol,vcd.» The excess of acid is-> 
then neutralised by addition of pojvdcrcd marble or precipitated calcium 
carbonate, a strtAig filtered* solutibn of bleaching powder added, the 
whole boiled for a few minutes until the colour Irccomcs deep red, taking 
carc» that the mixture still smells of bleadhing powder, when alcohol is 
added drop by drop until the red colour is desfroyed. The whole of the 
manganese is then present es pcroxid*e,whif:h is filtered off and washed. 
The filtrate should be tested for freedom from manganese by adding 
bleaching'powder solution, when no brown coloration .should result. 
Washing is continued until the washings cease to give a reaction with 
iodiecd starch paper. The filtix- paper anc^ precipitate are then added 
to 25 c.c. of standard ferrous sulphate solution, and dissolved by 
stirring as above. .Should any of the manganese dioxide remain 
undissolved, a fu?ther 25 e.c.,of the ferrous sulphate solution is added. 
The solution is diluted with 100 c.c. of water, and titrated with per¬ 
manganate, the*results being calculated as under test l, and expressed 
as MnO.j per litre or per cubic foot. 

3. The “ Base," that is, the monoxides in the mud which neutralise 
hydrochloric acid but do not liberate chlorine, may contain lime, 
magnesia, ferrous oxide, and manganous oxide, and is expressed as 
the*ratio of the number of molecules of these monoxides present to 
I molecule of manganese dio.xide. 

Ten c.c. of the well-shaken mud is add^d from a pipette to 25 c.c. 
^dr 50 c.c. in the case of a,vcry high base) of normal, oxalic acid solution 
(63 g. cryst.« oxalic acid per litre), previously diluted to about 100 
c.c. and warmed to. a temperature.of Oo“ to 80°, and the mixture 
well stirred until the‘precipitate ceases to appear yellow and becomes 
pure white. This should not take long at ^he temperature specified. 
The solution is diluted t8 202 c.c. (2 c.c. representing tire volume 
occupied by the precipitate) in a suitably marlted 200 c.c. flask, 
filtered through a jjry pleated filter paper, and 100 .c.c. titrated with 
normal sodium hydro.xidfe solution. Tincture of litmtis or phenol- 
phthaiein must be used as the indicator. The oxalic acid taken up 
by the mud serves (i) to reduce t^e MnO., toJVInO wTth liberation of 
caiibon dioxide ; (2) to combine*with and neutralise the manganous 
cOerde ko formed ; (3*) t(j Saturate the monoxides, including manganous 
oxide originally present, that is, the " base.” The quantities taken up 
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under l <yid 2 arc equal, and the two together have the same 
numerical v'alue as the MnOo as determined in test i, 'and so equal 
x—y, since the oxalic acid csolution is normal, whilst the permanganate 
soliitipn is only semi-normal. If x c.c. of normal sodium hydroxide 
is used in titrating back the exocss of oxalic acid, 25 — 2.;; c.c. of 
acid has been used altogether, jind of this x—y has been used by 
the manganese dioxide so that' the substances under 3 correspond to 
25 c.c. less.r-)' and 2.:'; therefore‘this value —2^—(x-{- 3 .s')-{-y. The 

“base,” then, is the ratjb between jc'-aiKi ' (the sodium hydroxide 

solution being normal and the permanganate semi-normal); or 


Whei; 25 c.c, oxalic acid solution is used, it becomes: 


5O-2.V-4.0-P2I' 

.r-r 


x-y 


r, when 50 c.c. oxalic acid is taken, = ■ 


III. Thk I)f,.\con I’ROt.'Kss 

In this process the ratio between hydrochloric acid gas and air must 
be determined both in the gases leaving the saltcakc pot, and also in 
the gases leaving the Deacon decomposer. 

In the ga.ses from the saltcake pot it suffices to determine the 
volume percentage of hydrochloric acid gas present, as the residual 
gas is essentially air. This is effected by aspirating the gases through 
a measured volume of sodium hydroxide solution of known strength, 
coloured with litmus or with methyl orange until the indicator changes 
colour; the volume of non-absorbed gas (air) is ascertained by measur¬ 
ing the water which has run from the aspirator. Since the ratio of the 
volume of hydrochloric acid gas to the sodium hydroxide .solution used 
is constant, and the volume of the air is given by the water collected, 
the ratio between the acid and the air is easily calculated. The principle 
of the method and the apparatus employed arc the same as those 
described-under Lunge’s modification of Reich’s method for the analysis 
of kiln gases (p. 308). 

The gases leaving 'the decomposer arc tested, as a rule, for free 
chlorine and for unchanged hydrochloric acid, and occasionally also for 
water vapour and for carbon dioxide. 

I. Ratio between the free Chlorine and the unchanged Hydro¬ 
chloric Acid Gas {^Decomposition vrlue). Simple absorption of the 
gases in sodium hydroxide solution followed'by titration for aVailcfbr'e 
and total chlorine is not applicable in this case, since< it is impossible 
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to avoid the formation of- chlorate.^ This difficulty has bec^ overcome 
by the followKig method, devised in the works of Mesj^rs Gaskcll, 
Deacon, & Co. , , 

Five litrds of the gas leaving the decomposer is aspirated through 
250 c.c. of sodium»^ydro>cidc ^olutisn of sp. gr. l'07£, divided between 
two or three bottles, to absorb both the hydrochloric acid gas and the 
cljlorine. The apparatus should be fixed as ncfir to the decomposer as 
possible, and the time during which the gas ^sample is taken should , 
correspond with the period of" working a change through the saltcake 
pot. The contends of the swetal absori)tion bottlys are united, diluted 
to 500 C.C., and tested as follows :— ^ 

V One hundred c.c. of the solution,is -heated to boiljng with 25 c.c. 
of the acid ferrous sulphate solution, prepared and startdardised as 
described on p. 578. JA^heit cold, thd contents dt the flask are diluted 
with 200 c.c. of water, and titrated with X ;2 permanganate solution. 
Let _y represent the number of c.c. soj'cquircd and a' tire number of 
c.c. of (termanganate ficccssary to oxidise the 25 c,c. of ferrous sulphate 
solution. . 

2. A small velume of sulphur dioxide solution is added to 10 c.c. of the 
above alkaline solution and the mixture acidified with dilute s\ilphuric 
acid, so that therJ is a distfiKjt smell of sulphur dioxide. The acidified 
solution is heated to boiling, allowed to cool, a few drops of perman¬ 
ganate solution-added, if necessary, to oxidise any remaining sulphurous 
acid, after which tl*e solution is neutralised with pure sodium carbonate, 
diluted with water and titrated with rV/lo silver nitrate solution, employ¬ 
ing neutral potassium chromate as indicator. Let .e stand for the 
number of c.c. silver nitrate solution reiiuired. The percentage dccom- 
posftion of the hydrochloric acid gas is then given by the expression 

* 7 - y 

■ jlj’ and the volume of air per l volume HCI by ^ “ - 
*■> • 

Should some other volunv; of gas, «, be aspirated instead of the 5 litres. 


• , , , I 64IV . , , 

the constant 45-0 must be altered to , assuming that the 

. 5OXO'Oo3045 

remaining operations’arc carried out exactly as above, and that i litre 


llCl at o' and 760 mm.,prcs.surc weighs i'64\,gram. 

Younger '- pas.ses the gas through a .solution of arsenious-acid a.nd 
employs an aspirator which gives the weight of chlorhie in unit volume 
of the ga.ses directly. The percentage oUhydroclilorip ^cid in the gas is 
determined by titrating thh resulting solution \»ith silver'nitrate. The 
absori»ti(^n is effected in a cylinder containing 100 c.c. of an aqueous 
solution of arsenious acid, each i c^. of which corresponds to 0-15432 


gte^jns ( = <4i£ii g. chlorine). The enlarged cylinder is connected with the 

* ^ r/. C. '^inUcr, !ndush vol. ii., p. 318. 

2 J*Soc. Chm. IhJ., 1SS9, 8 , 88 . - ’’ 
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bottle B (Fig. 208), containing about i g. potate.sium iodide dissolved in 
water; the arsenious acid solution is coloured blue b^ a very small 
quantity of indigorcarmine. 

A cubic foot (0 0283 cub. m.) in capacity of the aspirator C is divided 
into any convenient number of parts; for eiampl^, 112. One side of 
the gauge glass D i.s calibrated t(p give the grains of chlorine per cubic 
foot of gas, and the cbrrespo'.iding yolume of gas aspirated is given 
" on the other side of the same lines. The liberation of iodine from th6 
potassium iodide solution and the siipultanecus bleaching of the indigo- 
carmine indicate the completion of the ttst, and when this occurs the 
aspiration is interrupted and the readings taken. Thus, for example, if 
the inark K represents i cubic foot and the 
water stands at this level on the completion of 
the test, the readings indicate that i cubic foot 
of the gas contains 15-432 grains of chlorine. 
Should the water-level stand at the J cubic 
foot mark, the presence of 30-864 grains 
chlorine per cubic foot of gas is indicated by 
the scale, and so on. 

The hydrochloric acid is determined by 
titrating 10 c.c. of the arsenious acid solution 
with NjlO silver nitrate solution. Should the 
gases bo free from hydrochlorit acid the silver 
nitrate necessary for titration will be 28-2 c.c., 
this volume corresponding to the hydrochloric 
acid derived from the chlorine absorbed. Any 
volume over and above lliis 28-2 c.c. corresponds 
to the hydrochloric acid present as such in the 
gases, 

The iodine liberated in the potassium iodide 
bottle generally indicates about 0-2 to 0-3 grains of chlorine. The 
potassium iodide bottle is not necessary a.s an indieator fur the 
completion of the reaction; its main function is to show that the 
aspiration is not carried out too rapidly, and that no chlorine passes 
unabsorbed through the arsenious acid solution. 

, In a' subsequent communication* Younger gives the following 
particulars for the analysis of Deacon gases : A measured volume of the 
gas is drawn first through -veighed bottles con*’aining concentrated 
sulphuric acid, the gain in weight giving the moi.sture present; secondly, 
through a tube containing a solution of arsenious acid, to arrive at 
the chlorine and hy(’rochloric acid content, as above; and finally, 
the oxygen in a sample of the gas' from the aspirator is determined, 
the remainder of this gas being takeT as "nitrogen; thus the 

‘ ^ y. CAem, Ind.^ 9, 159. *' 
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air (by c^Icul^^tion from the oxygen) and the excess niirogen are 
obtained. 

The following example, showing the methods of calculating the 
results, is taken frijitn Wijikler,' the data for the gases being «cor»ected 
to the real litre weights. Thte free chlorine was determined by an 
arsenious acid solution, of which i -C.c. =0002J g. Cb and the total 
shlorine by a silver nitrate ,soluticn,,pf which also i c.c. = 0 0025 g. Cl. 
The following* volumes of these solutions were' consumed per litre of 
unabsorbed gas. Jl*'ifty c.c?arscjiio>fl.s acid soliitioh = 50 x' 0025 = o-125 g. 
free chlorine, and too «.c. silver nitrate solution = 100x 0-0025 =0-25 g. 
total chlorine. The 'extent of the decomposition is given by the 
equation;— ' ' , ‘ _ 

0.250 ; o. 125 = 100 : 

' ' ’ ,v = so, 

or a 50 per cent, decomposition hud been effected. These two deter, 
minations thus give the dccompos’ition value and the ratio between the 
chloync and hydrochloric acid present in the gas. ■ 

Should it be» desired to ascertain the vofume percentage of the two 
gases leaving the Deacon decomposer, it is necessary to calculate to c.c. 
the ascertained weight of free chlorine, arfd of hydrochloric acid. One 
c.c. Cl = o-O032ir) g., consequently the 0-125 g. Cl found correspond to 
3S-8 c.c. Cl, which is the volume present per l litre of non-absorbable gas. 

To calculate thb volume of the hydrochloric acid present, since its 
weight corresponds to half that of the total chlorine in the gases, it is, 

0.125 g. Cl. . 0.1285 g. HCi. 

« 

One c.c. jlCl weighs o 001641 g. ; therefore:— 

0-12S5 g.-78-3 c.c. HCI 

per litre of non-absorbable gas. Ihcgiu Ica'ding the dccoiiipcisci' has thus 
tile followingpomposition*:— ‘ 

irpo c.c. oxygen jind nitrogen, 

^8-3 „ hydrochloric acid gas, 

58-8 „ chlorine; 

or, expressed in percentages by volume :— 

89-52 vol. per cent, oxygen and nitrogen, 

7-01* „ hydrocliloric acid gfti, 

3-47 „ „ chlorine. 

2. The percentage by volume of Hydrochloric Acid Gas in the 
gaSes Jjefoae entering the deedmposer is arrived at from the total 
clilorine as follows. * . 


/?itlustrie-(jase, vol. 317. 
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The total chlorine found, namely 0 250 g., correspondt 10,0-257 g. or 
156-6 c.c. MCI. Consequently the gases entering the decomposer 
correspond to:— 

1000.0 c.c. .air, 

156.6 c.c. HCl, 

which gives 13-60 volutne per ncn't. IICl.' 

It is usual -to simplify the caldulations as far as pos.siblc, and such 
simplification does not- affect the result tq any great extent. For 
example, the weigh^ of i c.c. chlorine rfiarr be loutukd off to 0 0032 g., 
and that of i c.c. IICl ^as to 00016, that is, the weight of i c.c. HCl 
is taken to be one-half that ci! i ,c.c. of chlorine. If these simplifica*’ions 
be introduced in workiiig out the above example, the following values 
are obtained:— • . .. , , 


/'«;■ //ic (/dscs Il'iiviiijj' tJic Decomposer. 


0.125 y- active chlorine 
.0032 

0.125 k'- inactive chlorine 
.0016 


39.06 c.c.' ■ - 3.49 vnl. per cent, (instead of 3.47) 
7.S.I2C.C. - 0.99 vul. [icr cent, (instead of 7.01) 


For the Gases entering the Decomposer 


0.250 g. tol.il clilonne 
0.0016 


156.25 c.c. 


15.51 vol. jier cent. IICl (instead of 
13.C0). 


It is unnecessary to make any corrections for temperature and 
pressure, since the errors from this source arc throughout essentially of 
the same magnitude, and the results obtained are therefore sufficiently 
comparable. 

3. Carbon Dioxide_The determination of this gas is important in 

the examination of Deacon gases, since the presence of any appreciable 
amount in the chlorine renders the production of high-strength bleach 
impossible. 

Plasenclever’s method - of determination con.,ists in passing a 
measured volume of the gas (previously freed from hydrochloric acid by 
bubbling through a wash-bottle containing vpater) through an ammoniacal 
solution of barium chloride. After the absorption is complete the 
solution is heated, thi barium carbonate filtered off and thoroughly 
washed with, boiled water. 'The' washed precipitate is then either 
ignited and weighed, or dissolved in hydrochloric acid and converted 
into barium 3"lphatc. The weight of carbon dioxide in the 'gas is 
calculated from the weight of precipitate obtained (i g. BaS04 = 0.1885 g- 

^ This leaves out of account the oxygen which has iiilcracicd wftli the HCl, and assumes liat 
here is no^eakage into ‘he decomposei: (Conroy). 

“ Cf, Winkler, loc> cit.^ p. 368. 
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CO2), conyertfd into volume, and compared with the volume of gas, 
say 20 litres, collected in the aspirator. 

According to Sieber,' this method is onl^ applicable to dilute gases 
containing not mt^e than 10 per cent, of chlorine, a condition always 
satisfied by Deacon gases. In the* case of more Concentrated gases, 
such as electrolytic chlorine, which n/ay contain carbon.'dioxid'-, arising 
/Arm the carbon electrodes used,‘the,mefhod is unsuitable, owing to the 
solubility of ’barium carbonate in barium' chloride. ‘"The object of 
boiling the solution befon'e filtciing off the barium carbonate is to 
destroy any carbamate present in She liquid. * 

Another method is to absorb the gases in sedium hydroxide .solution 
of frnown carbonate content, to decohipose j;he sodiurti Jiypochloritc 
by boiling with cobalt oxide, and then to treat with .sulphuric acid, 
passinh the liberated iarbdn dioxide through a solution of potassium 
iodide preyiously saturated with carbon dioxide and air, to retain any 
traces of chlorine carried forward. Tire purified gas is Aen collected 
in a cooled potash bulb, and weighed; but Lunge-remarks that the 
gas*must, of course, be dried' beforehand, and that the process, in 
addition to being very complicated, is quite unreliable for the deter¬ 
mination of smalj quantities of carbon dioxide, especially on account 
of the necessity of working’whh a solution of potassium iodide saturated 
as above. It is both simpler and more accurate to absorb the gas 
in sodium hydroxi-Je solution, to decompo.se the hypochlorite completely 
by boiling with ammonia, and then to estimate the carbon dioxide 
in the ordinary way cither by liberating the gas (p. 615) or by the 
barium chloride method. 

4. Moisture in the Deacon gases may be determined when neces¬ 
sary by instrting a U'tube filled with inimice moistened with concen¬ 
trated sulphuric acid, or a bulb apparatus containing sulphuric acid, 
between the gas main and the absorbing bottle for the chlorine and 
hydrochloric acid, and determining the gain in weigjit. It is essential to 
drive all chldrine and hydrochloric acid gas out of the absorbing tube 
before weighing, by jJsssing a currenf of dry air through the U'tube for 
a sufficient time ; also it is advisable to insert a .second weighed sulphuric 
acid tube behind the drying apparatus during^hc operation. (Compare 
Younger, p. 588.) ■* 

4 

JV. I'lLECTRuLwric.C hlorine || ^ 

It is necessary to avoid the formation ol fiydrochloric acid, which 
takes *plcice when the electrolytic chlorine is exposad to light. A 
sample of gas containing originally 83-6 per Ant. of chlorine and 3-6 

• • ** 

* ^ Chn?!. Zn/., 1895, I9,*I96^. * * Ilandhuch der Sodainduslne, vol. iii., p. 6g8. 

^ Foi much of tliotcouLent of this section, the reviscr^s imiebteii to James M^Taylor, of 
the United Alkali Co.'e Centr Labouiiuiy, WiJnes. 
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per cent. oL hydrogen had almost the whole of" its hydrogen converted 
into hydrochloric acid during thirty seconds’ exposure to April daylight 
at noon. This cai'i be prevented by the use of amber Jjlass, or by 
covering the glass pipette with a dark cloth. The, rubber connection 
to the pipette should be as short as possible, as hydrochloric acid 
is one of the products of the action of chlorine on rubber. 

I. Determination of Chlor'jne^ Hydrochloric Acid, and Carbon 
Dioxide. (Mefeury method)—A gas pipette of known capacity (about 
200 C.C.), with wcll-fitti'.ig taps of not too small bore, is connected 
by 3 feet of stout rubber tubing to a Ipyellin'g bottle cobtaining mercury. 
The pipette is then filled with mercury and the upper tap closed. 
The levelling bottle is then Idwe.'ed and the mercury runs out, leaving 
a vacuum in the pipette; the lower tap is then closed. 

The pipette is now connected to the ga.s main and the gas allowed 
to fill it. The sample having been taken, a small amount of mercury 
is allowed to run in by the lower tap and well shaken to promote 
absorption of the chlorine. Mercury is alternately admitted and 
shaken until finally no further contraction takes place. 

The gas pipette is placed on a stand, preferably on a split ring 
covered with rubber, and connected to a liunte burette (see p. 278) 
filled with mercury. The gas is transferred to the burette, the opera¬ 
tion being complete when mercury shows in the capillary. The gas 
is brought to atmospheric pressure by means of the levelling bottle, 
and the lower tap closed. The burette is read, the mercury bottle 
lowered, and about i c.c. of mercury run out. This enables one to 
draw in the soda for the absorption of the carbon dioxide. The gas 
is brought to atmospheric pressure by slowly running out mercury, 
the upper tap being kept open until the cup is just empty. I'his 
avoids any levelling with mercury and allowances for the height 
of soda. The burette is allowed to drain and the volume road off. 
The difference between the two readings gi\;es the volume of carbon 
dioxide present in the ga.s. 

Any hydrochloric acid left aftc." absorbing thcxhlprinc with mercury 
can be dissolved by the addition of four or five drop.s of water to 
the pipette, and shaking b9fore transferring the gas. After the residual 
gas has been transferred to the Bunte burette, the mercury is run 
out of the pipette, which is then rinsed out with neutral distilled water 
and the calomel and pinhead mercury filtered off The acidity is 
titrated with Njio sof'a, using methyl orange as indicator. The 
amount of hydrochloric acid is usually so small that it wijl not 
affect the carbon dio>;jde results,, and it need only occasionally be 
determined. 

The two methods which follow are rapid,'and give results edmpa^- 
able among themselves for works purposes; but ihey should be 
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compared froiy time to*time with, and their results checled by, the 
mercury method. 

2. Determination of Carbon Dioxide (Hydrogen peroxide 
method.)—Ais method depends on the following reaction « 

+ ^ O2 + 2IICI 

SO that one volume of chloriny gives* one volume of oxygen. If, 
therefore, loq c.c. of electrolytic gas be .trerrted with a solution of * 
hydrogen peroxide the vo{umc rcruains the saihe, but the water-soluble 
chlorine is convefted, into ^oxygeyi. Carbon d'cxide can then be 
ejrtractcd by dilute soda. 

A Bunte or Robinson burette, holdihg 104 to loj c.c,, i.s filled 
with good tap water, using an inverted wash-bottle with a length 
of rubber tube previously filled with water. It i.s inverted and con¬ 
nected to the chlorine inatn, and as the water runs out the gas fills 
the burettb. The bottom tap js clo.fcd, and then th« upper tap. 
Water is again introduced through the bottom tap until jt just reaches 
the doo c.c. mark, the upper tap being ijpcn meanwhile to ensure 
the gas being at^atmospheric pressure. 

{Note .—If the available burette conhyns 100 c.c. from tap to tap, 

4 c.c. of water should be hitcoduced, as it is necessary to have liquid 
in the burette, otherwise gas will escape when the bottom tap is 
opened. The rt’su^t must then be divided by 096 to get percentages 
by volume. To ensure the gas being at atmospheric pressure, the 
momentary opening of the upper tap when the cup is empty wi'' 
suffice. It is usually advisable to open the lower tap and allow some 
of the liquid to run out before adding reagents through the cup. 
This’ produces a slightly lower pressure inside the burette, sufficient 
to draw some of the reagent into it. The upper tap .should be wide 
open, and the rate of flow bo regulated by the lower tap until the 
c|ip is just empty. The gas then being at atmospheric pressure, the 
upper tap is shut and the burette allowed to drain.) 

Eight to 10 C.C., of a 20-volumc solution of hydrogen pcroxirjc (6 
per cent), coloured with methyl orange, is poured into the cup and 
slowly drawn into the byrette, wetting the sidgs uniformly. The speed 
is regulated by the lower thp, avoiding escape of gas from‘the fir;;t 
sudden evolution. To ensure the sides being wetted? it is advisable to 
take the burette out, of the stand, and bolding it hprjzontally by the 
ends (to avoid heating the*body), to depress on* end sligfttly and then 
the other. The see-saw motion is repeated seven or eight times, 
occasionafly shaking the tube to ,wct the sifles thoroughly. The 
conversion p^f the chlorine is complete when the pink colour remains. 
Sllbuld it be destroyed, ; t-.c. of peroxide is introduced, after relieving 
any pressure by cflocning the lower tap, and*thc gentle Shaking rapeated. 
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The burette is then replaced in the stand, and 4 or-5 c.c. of water 
poured into the cup and allowed to drain slowly down the sides. This 
displaces the peroxide, a'lid prevents liberation of oxygen on adding 
sodium hydroxide. After draining i| or 2 minute.' the volume of gas 
is read off. ' 

Five, to 10.c.c. of approximately normal sodium hydroxide is now 
poured into the cup and allo\(l,cd to enter the burette and absorb the 
carbon dioxide. Aftei bringing to atmospheric pressure the volume 
is read off. The difference is the volume of carbon dioxide present in 
the gas. * 

3 Determination of Carbon Dioxide and Chlorine. (Thiosulphate 
method.)—A 30c.c. gas bureftc, graduated in c.c., with taps at each Ciid, is 
filled with the sample to to tested. This can be done quickly by means 
of a rubber aspirator; three pulls should suffice to give a fair sasnple. 

The end of the burette is then submerged in a 5 per cent, solution 
of caustic seda and the tap opened Soda rushes in, absorbing the 
carbon dioxide and chlorine. Th^ tap is shut and the tube shaken, 
to make certain that absorption is com'pletc, when on opening the tap 
under the soda no further contraction takes place. THc burette is held 
vertically and the height of the liquid noted : this figure multiplied by 
two gives the percentage of carbon diox'dtl and chlorine. 

The same or a similar burette is filled with another .sample of gas 
and the end submerged in a 10 to 20 per cent, solution of thio¬ 
sulphate, which absorbs the chlorine: twice the diminution in volume 
is the percentage of chlorine. 

No attempt is made to read the volumes at atmospheric pressure, 
but as it is the difference between two readings that is taken, the error 
is not very large. 

Owing to the action of chlorine on thiosulphate being variable, and 
sulphur dioxide and sulphur monochloridc being among the products, 
this method will only give correct results when the errors balance each 
other. Together with the peroxide method it affords a rough and 
quick method for the carbon dioxide determinat'an 

4. Determination of Oxygen, Hydrogen and Nitrogen. —If the 
inert gas from 200 c.c. of electrolytic chlorine be too little for these 
4pterminations, a larger quantity of gas inust be passed through caustic 
soda to absorb chlorine and carbon dioxide, and the residual gas 
analysed. The, most convenient apparatus for this purpose is that 
described by Treadwell.' (Fig. 209.) 

The filter flask A, of about 1-5 litres capacity, contains about 400 c.c. 
of caustic soda solution of sp. gr. '■!. The absorption tube h is filled 
with the soda solution by suction at H, the cock I is turned into the 
position II, and the glass tube is filled with- Solution up to the'cock by 
• 

1 Analytical Chemistry^ vol. it., p. 8l2. 
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suction at theMeft arm. The cock is then turned to positiq^ I, the left 
arm connected to the gas-main, and gas drawn through by suction at 
the right arpi of the cock till all air is expelled from the connecting 
tubing. The cock^'is agajn turned to position 
II, and by means of an aspirator at a, gas 
is slowly drawn into the absorption^ tube. , 

JZhlorine and carbon dioxide ilre absorbed, 
and the residual gas collects in*the upper jlart. 
of IT. When encjugh haS colkctSd (50 to 70 ‘ 

C.C.), it is transferred to an 6rsat br llempcl 
gas apparatus and measured. It is then,sent' 
into the soda pipette of the apparatus to make* 
sure that the chlorine and carbon •dioxide 
have been completely a^).sorbed,* and the 
oxygen, Ccvbon monoxide, and hydrogjm are 
determined in the usual way (s«e pp. 240 ct 
scq.). Nitrogen is taken 
by difference, and, if de¬ 
sired, the equivalent oxy- 

■ffcn to convert this'into 

« • 

air can be calculated 
and the excess oxygen expressed as such. 

• If only hydrogen is to be determined, the 
caustic soda in the absorption apparatus can be 
used many times; but where oxygen is to be 
determined fresh soda must be used for each 
test, as the sodium hypochlorite formed readily 
gives off oxygen on being kept. 

Treadwell * makes use of the burette shown 
in Fig. 210 for deterrilining the carbon dioxide 
in (dcctrolytic chlorine. The burette is of the 
Bunte type, and is provided with a levelling 
•,i,ube. The capacity of the burette, from tap to 
tap, must be accurately determined, the most 
sukablj capacity being ftXD c.c. The chlqtine gas 
to be examined is dried by passing through a 
calcium chlorine tube, an»l is allowed to flow 
•through the thoroughly dr^ burtfte /or from five 
to ten minutes. The lower three-way tap a is now closed, then the 
upper ttvo»way tap and the temperature and baroraetri* height noted. 
The lower tap is then connected b^ fhe rubber tube to N, a is turned 
so to coitnect N whh the outside air, the tip of the burette and the 
stopcock are wasj^ed, and a is closed. ^ , • 

^ Analytical Cktmislry^ vol. ii., p. 808 ; a/igiw, Chem,, 1905, 18, 1930. 
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A potassium arsenite solution is made by dissolv'ng 4’95 g. of 
arsenious oxide in dilute potassium hydroxide solution, adding phenol- 
phthalein, exactly neutralising with sulphuric acid, an4 diluting to 
I litr'o. 'One hundred cc, of this iV/io solution is placed in N, any 
air in the rubber' tube is expelled by pinching with the thumb and 
finger, '.;nd the arsenite solution is introduced into the burette till 
all the chlorine is absorbed, after which lo c.c. of a i;2 potassiuni 
hydroxide solution is run "in through the funnel above ]!, to absorb 
the carbon dioxide. , 'After taking* the readings, the solutions and 
washings arc collected, phcnolphthalein added, and the whole neutralised 
with hydrochloric acid', 6 o c.c. of sodium bicarbonate solution (40 g. 
per litre) is then adder) and fhc excess of arsenite solution tifhated 
with iV/lO iodine sr'lution atifl .starch. One c.c. /V/10 solution = 
00035460. Cl, or 1-1015 c.c. at N 1 '.I'. A’s the original gas \'las dry, 
the volume of the residual gas must, for accuracj', be corrected for 
aqueous vap'bur, and the volumes cf chlorine found corrected from 
N.T. I’, to the temperature and atmospheric pressure of the experiment. 
The carbon dioxide is thei" determined by difference. 

Lunge and Rittencr' absorb the chlorine in a Iluntc burette with 
a Njio solution of sodium arsenite and then the carbon dioxide with 
sodium hydroxide; the unchanged arsCnite is titrated back and the 
carbon dioxide obtained by difference from the volume of total 
absorbable gases found. Tlie details of tlie method are given on p. 615. 


V. Tin-’, M.WUFACTURK of HI-KACHINO bOWOKR 

The method of examining the lime used in filling the chambers has 
already been described (p. 583). The main point to be attended to in 
the manufacturing operation is the strength of the bleach, which must 
be brought to a specified standard. This is controlled by analysis; the 
various methods available are described under “ Finisned products” 
(p. 600). It is, of course, essential that the sample drawn from the 
chamber should be representative of the bulk. 

The chambers must rot be opened until it has been ascertained that 
this maybe done with safety to the workmen, and without giving rise to 
undue nuisance.^ Before the chamber is opened, the chlorine present 
in the gas space must not exceed 5 grains per cubic foot (=11.5 g, per 
cubic metre); this lirrfit was agreed to by manufacturers about twenty 
years ago, but the present practice is to reduce the limit to 2-J grains 
pfer cubic foot. 

The determination of the chlorine present in the cliamber at-mo- 

• ^ *■' 

V /. nni^nv. ivof), 19, 1853. 

- Cf. Lunge, Sulphufic Acid and Alkah, vol. iii., p. 622. 
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sphere may be^carried ofit in an Orsat apparatus, the simplified form 
described by Fleming Stark,' Fig. 211, being especially suitaTtle. 

The burette a is filled with water and «onnecttd by. means of a 
rubber tube\tith thj, reservoira tape being inserted betvveeg tl\f two. 
This tap is providefl with^wo passages at right angles to each other, the 
one of small and the seeond of lar^^e diameter. Thjs arrai^ement 
allows of a strong flow of * 

water when Piling the bur¬ 
ette, and of a diininislnf:! 
flow when the gas" is forced • 
iniK) the absorbing solu¬ 
tions* The four tubes d are 
filled with an aqueous solu¬ 
tion ef potassium iodide^ 
and each may be connected 
through i corresponding 
glass tap with tlic burette. 

Each absorption tube is 
provided with ‘a double- 
bored stopper, and ji tube 
reaching almost* to the 
bottom of the absorption 
vessel passes thtoujjh one of these openings. This tube is narrowed 
at its lower end, so as to break up the gas-bubbles entering the absorb¬ 
ing solution, and at its upper end is connected through the tube <; with 
the bleaching powder chamber. The tube passing through the second 
opening in the stopper is cut off just Dclow the stopper, and serves to 
connect the absorbing vessels with the burette. A small wash-bottle 
containing potas.sium iodide solution and starch is inserted between 
the absorption tubes and the burette. The two-way tap g, provided 
between the w'ash-bottle and the burette, permits the air to escape 
during the filling of the ‘burette without passing through the wash- 
bottle. ^ . 

In using the app'aVatus, 3877 c.c. of gas, as measured in rqare drawn 
through one of the absorption tubes d\ the solution in the wash-bottle 
affords an absolutely safe indication of the completeness of the,chlorine 
absorption. The contents of d arc then washed injo a beaker, and 
titrated with N\\o s(jdium arsenitc joluljon. 'fhe grains of chlorine 
per cubic foot are obtaineef by multiplying by ; the'nunTber of c.c. of 
arsenitf solution so required. 

The (?overnment inspectors make use of^thc sinfple apparatus 
sho^n in Fi^. 212.* A is an ordinary rubber pressure ball of about 

* > /. Soc. Ciiim. Ind., 1885, 4, 311- 

* Lunge, Sulphurii Acid mid Alhalf^ vol. iii., p. 62?. 
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100 c.c. CE^pacity, provided with a small hole, B, in th^^ mouthpiece. 
The end df the mouthpiece passes through one of the two holes in 
the cork C, ,a glass tube, D, bent at right angles passing through 
the sgconfl. This latter tube reaches nearly to the bc'ctom of the 
fylinder E, and ds narrow'id dow.i at the lower end, 
so that only a very fine needle can be inserted. The 
cylinder E ii filled with the solution described belojv, 
and the ojiter end of D is inserted in an opening in' 
the bleach chamber at a height of 2 feet above the 
fl«or'. To take a^samp/e ot the chamber gas, A is 
compressed ; the hole B is then,covered by the finger 
and the pi essure released ; by the expansion a*'the 
bulb tlic gas in the chamber is drawm through the 
tube D and fne solution in,^ E. The opergtion is 
repeated until the solution in E becomes coloured 
through sepE.ration of iodine, and the 'number of 
aspirations rcquircci to cause this, is noted. Each 
delivery of the bulb corresponds to 4 ozs. (itbout 
looc.c.), or of a cubic foot. The solution em¬ 
ployed is prepared by dissolving,0-3485 g. of arsenious 
acid in sodium carbonate, neutralising with sulphuric 
acid, adding 25 g. of potassium iodide, 5 g. of pre¬ 
cipitated calcium carbonate, 6 to 10 di ops of ammonia, 
and diluting the whole to i litre. Twenty-six c.c. of this .solution 
is employed for each test, and a little starch solution is added as 
indicator. Under these conditions five deliveries of the bulb will 
produce a coloration when the gas contains 5 grains of chlorine per 
cubic foot, ten deliveries when the chlorine content is only 2I grains 
per cubic foot, and so on. 

VI. Tin- Manufactuke of Potaksium Chlorate 

Ip the old process of manufacture, in which a. warm solution of milk 
of lime is treated with chlorine, the methods of examining the lime and 
milk of lime arc those alr^^ady described (p. 582). The resulting liquor 
ntjUst be examined for its content of chlorite, since this is the basis on 
which the potass-lum chloride necessary for conversion into chlorate is 
calculated, and also for the percentage of calciuni, chloride present, as 
a check on the workinguof the process. 

Determination of the Chlorate —Two c.c. of the liquor is measured 
off with an accurate pipette and boiled, after the addition of a little hot 
water and a drop of alcohol, to remo.'e any dissolved free chlorine., A 
flask fitted with a Bunsen valve or Contat bulb (Eig. 20, p. 63)' is used 
for the test, but the valve is-not inserted during the above preliminary 
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heating. Thi^ complete'removal of chlorine is indicated bji the disap¬ 
pearance of all smell of chlorine and of the red colour. The flask and 
contents are allowed to cool, 25 c.c. of the acid ferroas sulphate solution 
(corresponding to (jc.c. Njz permanganate solution) describetjj on,p. 578 
added, the whole bbiled fftr tei^ min»tes, and fhe valve inserted. When 
cold, the solution is titrated with Nl?^ permanganate solution,/?^c.c., say, 
being necessary to produce the joloratibn. TRe chlorate contained in 
I litre o^'the Jjquor will then be 5-105 (a —g. «alculated as KC 10 .j, and " 
the potassium chloride tljeoreticajly necessary?, to contort the calcium 
into the potassiunf salt will be 3-io(3 {a — b) g. per litre.' 

• The chlorate remaining in the mother liciuors is similarly deter¬ 
mined. ’ • * • 

The chlorate may also be determined by l^unsen’s metliod, namely, 
boiling with strong hydrochloric aefd and absorbing the liberated 
chlorine in a solution of i?otassium iodide; the method is, however, 
no more advantageous in this ^ase titan in that of manganese ore 
(P- 577 )- 

Other methods for the determination,of chlorates are described 
on p. 612. • 

Calcium Chloride. —The chloride (calpium chloride^ in the liquors 
is determined as‘follows c.c. of the liquor i^ treated as above, to 
destroy free chlorine, until the red colour disappears, a little neutral 
potassium chrorhat,e added, and the solution titrated with Njio silver 
nitrate solution, as described on p. 73. Each i c.c. of the silver nitrate 
solution corresijnnds to chlorine equivalent to 7-46 g. KCl,or 5-59CaCl2 
per litre. 

Should it be necessary to determine the free chlorine, and liypo- 
chloritc pre.sent in the liquor, a measured volume of the liquor is 
allowed to flow into an excess of potassslum iodide solution and the 
iodine liberated determined by titration wi^h thiosulphate. It is not 
jrtfrmissiblc to add .sodiugi carbonate to fix the chlorine before adding 
the potassiura iodide, since, owing to the formation of iodic acid and 
the oxidation of tlje.thiosulphate, too much iodine is then required.^ 
The “ bleaching chfohine ” may, however, according to Pontius, be 
titrated directly with potassium iodide solution after addition of sodium 
bicarbonate [cf. p. 603). * 

The titration may also be carried out by Penot’s method, described 
under bleaching powpicr, by addition of scjdium arsenit^ solution, until a 
drop of the titrated liquor {eases to produce a blue colour tin potassium 
iodide,starch paper; or the arsenite solution may be added in excess 
and titrated back with iodine soluticjji {cf. p. 604J. * 

^ Cf. also, Rosenbaum, angew. C/iem., 1893, 6 , 80. 

FrieAheirp, anorg. Chem.^ 1893, 4, 145. 
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FINISHED PRODUCTS 
I. fli.KACHiNt; Powder 

Owing to the uiftstable'naturcof this substance, very special attention 
must he given, to the collectioi'^ and preservation of the samples. 
Exposure to air and td dayligiit is very prejudicial; exposure to sup- 
light still more'JO. Tha satpples are drawn from the separate casks by' 
a suitable auger (p. 10),“ and placer^ one after the other in a wide¬ 
mouthed bottle, whi<ch 'must be closed I'nxmodidtely after each portion 
has been introduced. T,he mixing and filling into the separate sample 
bottles, together with the staling hp of the latter, is performed as 
rapidly as possible in the manner prescribed on p. 10. The samples 
must be kept in a cool dark place prior to testing, and the tests,should 
be made without delay. 

The techn'cal analysis of bleaching powder is confined to" the deter¬ 
mination of the “ available ” or “ bleaching” chlorine, that is, of the com¬ 
pound CaCl(OCl) which spljts up into Ca(OCl),2 and CaClj on solution 
in water, and consequently shows the reactions of a hypochlorite. The 
quantity of available chlorine present is, in England and America, 
always expressed as percentage by weight, on the bleaching powder, and 
the same method is usually followed in Germany and most other 
countries. In France, however, and to a certain bxtent in other 
countries, the strength is quoted in terms of Gay-Lussac degrees, which 
indicate the number of litres of chlorine gas, reduced to o'’and 760 mm., 
capable of being evolved from 1000 g. of bleaching powder. The 
following table shows the relationship between the English and F'rench 
degrees 
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88 
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89 
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The following table, prepared by Lunge qnd‘Bachofen,' grves tSie 
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available chlo^iine corresponding to various specific gravities gf bleaching 
powder solutions:— ' • 


SpociJlc Gravity' 
at IS”. 

Availablo 

Spcoilic (’ravily 

-. . 

Availiibln 

Hpecilld Gravity 

Available 

GriiiH. pir ULvn. 

(irm.s, jvT litrl, 

a t 1D « 

i 

Orms. per litre. 

1‘1155 
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1*0800 

* 4^-96 

. 1-0354 
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f 1*01.50 
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5*58 

. 1*1000 

01*50 
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29*60 
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2*71 

1*0950 

58*40 

1*0450 

26*62 
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1*40 

«1*0900 

55*18 

1 0400 • 

.23*f5 

1*0000, 

Truce 

1*0850 

52-27 

... 

... f 

a_ • 

... ^ 
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• Very many methods ’ have been devised for the determination of 
the available chlorine in bleaching powder, of which ths following are 
the most important. 

Gay-Lussac’s Arsenious Acid Metho^.®—Thi.s, the’oldest method, 
was introduced by Gay-Lussac in 1835, and is still in general u.se in 
France. It con.sistij in treating the bleach with a hydrochloric acid 
solution of arseiflous acid; prepared by dissolving 4'409 R. of arsenious 
acid in hydrochloric acid, and diluting with water to i litre. Ten c.c. of 
this solution ih rendered blue by the addition of a drop of indigo 
solution, and titrated with a solution of bleaching powder until the blue 
colour disappears. The bleach solution is prepared by rubbing 10 g. 
of the bleaching powder with water and diluting to looo c.c. Since 
0-04409 g. AsjO., corresponds to 10 c.c. of chlorine gas measured at 0° 
an5 760 njm., to obtain the number of litres of chlorine gas corre¬ 
sponding to 1 kilo of bleach, it is only necessary to divide 1000 by the 
number of c.c. of the blcacli .solution required to decolorise the indigo 
^.solution. The results ybtained vary considerably, according to the 
degree of ciilution and the excess of acid present. Chlorine and 
arsenious acid ceyi.exist side by .side in dilute solutions, and con¬ 
sequently the bleaching of the indigo is no indication that all arsenious 
oxide has been oxidised. Further, the coloration gradually becomes 
weaker as the titration proceeds, thus causing the end-reaction to be 
very indistinct. • 

On account of .this gradual dqcolc^isation, Deniges^ replaces the 
indigo sulphate by potassium bromide, the eed of*the titration being 
indicated by the appearance of a distinct yellow colour. This indicator 
is also,‘according to Deniges, vcjy suitable for titrating commercial 

• 

,1 * * ^ Cf. I.unge, Sulphuyic Acid auti A/Pah, voi. iii., p. SQU 

- Ami. Chm. i'hys. (2), 1824, 26, 162 ; 1835, 60 , 225. ^ 

= l.*l'hann. Chim., 1891 [5], 23. lol ; f. Chtm. Sk., rtgl, 60, 615.. 
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hypochlorit/^ solutions (Eau de Javel) when these are (;-oloured pink 
through presence of permanganate. In this case the small amount of 
permanganate pre.sent is first decomposed by the arsenious acid solu¬ 
tion. The determination is carried out in the usual manner by adding 
a few drops of concentrated potas.sjuin bromide solwtion to lo c.c. of 
the arsenious acid solution, and titiating this with the bleach solution 
until a permanent faint yellow coloration is obtained. 

. All methodc of blqachmg pdwder analysis must, according to' 
general commercial practice, permit of the determination not only of 
the chlorine in the fiolution, but also of t^iat present in the insoluble 
matter. The insoluble matter must be uniformly distributed through 
the solution so that the whole. foi;m.s a uniform thin cream. Hcnc» all 
methods in Wnich the bleaching powder cream is run in from a burette 
are necessarily inaccurate, since the distribution pf insoluble mattpr can 
never be uniform under such conditions. ■ This source of error is 
avoided as foljpw.s. . 

The sample is prepared for analy^sis by triturating it with water to a 
thin cream. The grinding should be extremely intimate, and neifher 
too much nor too little water should be used in the operation. The 
triturated cream’ should not contain so little water that the bleaching 
powder separates out again in lumps while , being washed into the litre 
flask; if this does occur, more water must be added to the cream first 
prepared, and the whole again triturated for a short time in the mortar. 
When the operation has been properly pcrformecl, the cream will 
readily mix on shaking with the further water added in the litre flask. 

Bunsen’s lodometric Method' depends on the separation of an 
amount of iodine equivalent to that of the available chlorine, when a 
bleach solution and potassium iodide arc treated with hydrochloric 
acid. The iodine liberated remains di.ssolved in the excess of potassium 
iodide pre.sent, and is titrated with Njio sodium thiosulphate solution 
(p. 69). If I g. of bleaching powder be taken for the titration, the 
percentage of available chlorine contained.in the bleach,is found by' 
multiplying the number of the c.c. of thiosulphate required by 0-355. 
The titration should be performed rapidly to prevent loss of chlorine, 
and any considerable excess of hydrochloric acid must be avoided. It 
is best to. prepare the cream with l g. of bleach and about 100 c.c. of 
wafer, and to add^to this 2 to 3 g. of potassium iodide and about 10 
drops of hydrochloric atid, and to stir once quietly with a glass rod so 
as to distribute to separated iodine evenly* throughout the solution. 
The thiosulphate is then added rapidly and without stirring until the 
colour of the solution has been reduced to a faint yellow, starch’solution 
added until the colour becomes deep,blue, and the titration continued 
drop by drop to completion. • • . • . 

^ /l^nal/rty 1853, 86, 265. 
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When Gainfully carried out, the method gives accurate^results, but 
in no case are the results better than those obtained by Per>ot’s method. 
The method is consequently but seldom cnjployccl in the works, more 
especially aJ the consumption of potassium iodide renders it expensive 
and Wagner’s proposal '»o utilise the dccoloAsed solutions as a solvent 
for the iodine is not practicabfe. ' 

. A very disturbing effect that frequently occurs in this mdlhod is a 
’rapid reappearance of the blue'colour’; in impure solutions this oftem 
makes it impossible to, determine the end-point of the reaction. 
R. Schultz' has Ifound thaj; this often happens, in determining the' 
CKCCSS of bleaching powder in disinfected waste liquors, and is to be 
a. 5 criibed to the presence of oxidising, substances such, as ferric oxide 
and calcium chlorate. According to Schultr., very satisfactory results 
may be obtained, if injtcaij of hydrothloric aci<l, acetic acid be added 
t» the mixed waste liquor,•togcthci' with potassium iodide solution, and 
the resulting solution titrated with .thiosulphate. Iij the case of 
strongly colourwl liquors, the c’lul-point is judged by comparing the 
colopr of the titrated solution.with that of the original, diluted to an 
equal bulk. • 

Bunsen's Distlljation Method is even le.ss acceptable'^ than the 
above for technital work.. Jt consists in decomposing the bleaching 
powder with hydrochloric acid, in a flask, driving off the chlorine by 
boiling the mi.tture and passing the evolved gases into a solution of 
potassium iodide contained in an inverted retort, the liberated iodine 
being determined by titration. Any chlorate present in the bleach 
will liberate chlorine in this method. 

Pontius' Potassium Iodide Method.^ —This consists in titrating 
blekching powder with potassium iodide solution after previous 
addition of sodium bicarbonate. 7-09 g. of bleach is dissolved in water 
in the usual manner and the cream diluted to 1000 c.c.; 50 c.c. of the 
solution, corresponding to 0-3545 g. of bleaching powder, is measured 
*off, and aboiit 3 g. of solid .sodium bicarbonate added to and dissolved 
in the solution. Oq^ to 2 c.c. of sj:arch solution is then added, and 
the solution immcdiutely titrated (before the liberated hypochlbrous 
acid can react with the starch solution) with Njio potassium iodide 
solution until the coloratic»i, which is at first reddish brown, and then 
blue, no longer disappears, and the colour becomes, a bright and (Per¬ 
manent blue. The, reaction consi.^ts ip the formation of potassium 
iodate from the mixture of hypochlorous acid, jodiufn'biaarbonatc, and 
potassium iodide:— 

3CaOCl,( = 6 C 1 ) -I- fiNallCOg -l- KI = KJO3 -t sCaCQ^-t 6NaCT -l- 3CO,, -i- 3H,0. 

• _ __ _ _ — _ 

* ' angm. Chem., 190*3, l 4 , ^ 3 ' 3 - < 7 - WinkLr, Z angrw. Chinu, 190^3, l6, 33 - 

• > Chem. Zeit., 1904, 2S, 59. • . 
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This process is also suited to the examination of blpaching solu¬ 
tions, the hypochlorous acid in this case being liberated by addition of 
boric acid. The method is especially applicable to the approximate 
determ.ina^ion of substances of quite unknown strength, ^nd Lunge 
considers it more convenie'ht for thi^. pur[)ose than Ponot’s method ; the 
latter is, however, more exact in all i;ases. 

Penol’s Arsenlous Acid Method. —This method, which finds the 
'greatest acceptance in practice, is both free from all sources of erfor, and ' 
easy to carry out.’’ The following details are as-recommended by Lunge. 

An alkaline solution‘’of Njio sodium'apsenite is employed in place 
of the acid solution used^in the Gay-Lussac methqd. The preparation 
of this solution-has been described On p. 72. In alkaline solution<the 
oxidation oGarsenious t'o arsenic acid, which requires 4 atoms of 
chlorine per gram molbculd; take's place srqootbly and without loss of 
chlorine, the end-point of the titration being shown with extreme 
sharpness by .‘■he blue coloratitn produced on iodised staich paper. 
An excess of the arsenite solution- may be added, snd such excess 
titrated back w’ith Nj 10 iodine solution)'but this is seldom done, since 
it necessitates the use of two standard solutions and is ki no way more 
aeeurate.''^ 

In earrying out the test, y-og g. of tlje thoroughly mixed bleaeh 
samples is ground in a porcelain mortar with a little water to a 
uniform thin cream, diluted by addition of more waterf and the whole 
washed into a litre flask and made up to 1000 c.c. The lip of the 
mortar should bo greased on its under side with a little fat or vaseline, 
to facilitate the transference of the liquid from the mortar to the flask. 
P'ifty c.c. of the thoroughly mixed solution (=0-3545 g. bleaching 
powder) is pipetted off and transferred to a beaker, where it is 
thoroughly stirred, whilst the Njlo arsenite solution is run in until 
nearly the full quantity expected to be required has been added. A 
drop of the solution is then placed on filter paper which has been 
moistened with a little potassium iodide starch solution. .According to 
the depth of the blue colour obtained (in presenfe of larger quantities 
of chlorine a brown stain is produced), more or les^ additional arsenite 
solution is added and the spotting repeated until the test paper remains 
white, or until only a quite inappreciable toloration is produced. In 
maliing a duplicate titration, if the arsenite solution be added to within 
a few drops of the end (as indicated by the first titrption),a little iodide 
and starch may be added to the solution alid further arsenite added 
till the colour disappears; but if this addition be made too early, 4 false 
end-point may bccur through the formation of iodine chloride. Each 
I c.c. of the arsenite required represents l per cent, of availabk chlorine 
in the sample. ■ • ‘ • 

' J.prak, Chtm., 189b, 54, 59. “ CJ. J. Clarens, Compl. r^d., 1914. 159, 183. 
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Suitable i^xJised stai'ch paper for this test is prepared follows:— 
One g. oPstarch is boiled with loo c.c.of water, the solution'filtered and 
o-l g. of potassium iodide added to the filtrate. Jilter,paper is then 
soaked in this solption and dried on a porcelain or similar glate at 40° 
to 50°. For the Spottii^ te^t thejpaper sh&uld bg moistened, as the 
reaction is much cleaner and more^ delicate with moist than with dry 
^ paper. Three or four pieces of J:he paper are'.spread on a gla.ss plate 
and any excess of water allowed to (low pff;,they ar^ then ready foi* 
spotting. The disappeaipnce of,,the blue co/pur may be very sharply 
determined if thd paper is (xamiped by transmitted light towards the ' 
did of the titration. . 

Lunge’s Gas-volumetric Method. —^^Penot’s method is so simple, 
convenient, and accurate, that no other methdtl is really n’eeded. It is, 
howe.ier, desirable to havoi an independent method, which may, when 
required, be used as a ch'cck. Lunge’s gas-volumetric method serves 
this purpose. The hypochlorite Js deccmiposcd with hyd^gen peroxide 
in a nitrometei* or gas-volumctef, and the volume of the oxygen 
liberated measured. The reaction takes Qlace according to the follow¬ 
ing equation 

CaOCl ,-1-11 , 0 ., ^ ■- CaCl, -H 1,0 - 1 - 0 ,. ' 

That is, the volume of active chlorine present is exactly eipial to the 
volume of the ^oxygen liberated.' The operation is carried out in a 
nitrometer provided with a decomposition bottle, as in the analysis of 
manganese ore {cf. pp. 82 and 578). The addition of acid, as recom¬ 
mended by Vanino, is of doubtful value.’' 

The bleaching powder solution is advantageously prepared so that 25 
c.c^ the volume taken for the reaction, contains i g. of bleaching powder. 
This will be the case if 20 g. of the bleach is triturated with water as 
described above, and the resultant cream diluted with water to 500 c.c.; 
working with 25 c.c. of .such a .solution, eash i c.c. of oxygen evolved, 
•reduced to o’ and 760 mm., equals 0-3166 per cent, of chlorine. The 
test should l?e carried out with a bulb nitrometer graduated to T40 c.c. 
Should it be desirejJ^to work with a Smaller nitrometer, say of 30, to 50 
c.c. capacity, only 5 c.c. of the above solution should be taken, in which 
case each i c.c. of o.xygan evolved will correspond to 5 x 0-3166= 1-583 per 
cent, of chlorine. A still more convenient plan is to dissolve 7-94^ g. 
of bleach in 250 c.c. of water, and to take 10 jc. of* the milky solution 
for the test; the peyreentage of available chlorine ij J:hen equal to the 
number of c.c. of oxygen liberated. A 50 c.c.'instrument can be used 
undef tlisse conditions. ^ 

The hydrogen peroxide is introduced into tlie inner compartment of 

^ Lung 9 , ( 'hem. i88^, 8, ifiS ; iOVr., 1886, 19, 868 ; Z. unge-w, Chem., 1890, 3, 8 ; 
Baumann and Vanino, /. (ingew. Chtm., 1890, 3, 80, 186, 509- ^ 

'■* Z. anpew. Chm.y 1890, 3, 136. • 
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the decomposition bottle, and rendered just alkaline by the addition of 
a few drops'of sodium hydroxide solution, to prevent the evolution of 
carbon dioxide; the bleaoliing powder solution is then placed in the 
outer compartment. The shaking should only be rontiniSed for from 
one to two minutee after'mixing the solutiorfs, and'the volume of gas 
evolved should be read off immediately and before any spontaneous 
evolution of oxygen occurs. The ad^'ition of a considerable excess of 
'sodium hydroxide to the peroxide must be avoided, but it is safe to add 
the hydroxide until the 'solution is distinctly alkaline and a flocculent 
precipitate appears. ''This addition should', of course, be made to each 
portion of peroxide immediately before the test. The hydrogen pel- 
oxide solution‘should not Be -too "concentrated; i c.c. treated With 
excess of bleaching powd'br solution in the nitrometer should not give 
more than 7 c.c. total dWygen. If it is too sttong, a little wafer may be 
added directly to the solution in the decomposing flask. A small excess 
of water is immaterial, and ifalso makes no difference whether the 
hydrogen peroxide is empfloyed in considerable of only in small 
excess. r 

Baumann' has shown that in carrying out the'’gas-volumetric 
method with hydrogen peroxide it is very easy to obtain too high a 
result when the hydrogen peroxide .solution has been kept in a 
stoppered bottle and has not been shaken before use, when the thorough 
shaking necessary in the analysis may give rise to the liberation of 
appreciable quantities of oxygen (from 0 5 to 2 mg. oxygen from lo c.c. 
of hydrogen peroxide). This oxygen results from the continuous 
gradual decomposition of the peroxide and remains dissolved in the 
peroxide solution. 

The fear that the solid particles pre.sent in the milky bleach .solution 
might exert a catalytic influence, and thereby lead to high results, has 
proved to be groundless. The oxygen can be collected over mercury 
or water. 

According to Lunge, the gas-volumetrit method of testing bleach 
always gives higher results than are obtained by Penot’s method. As 
the result of a very extended scries of test.s, he states that such excess 
of available chlorine amoynts on the average (o 015 or at most 0-2 
per cent. The cau.se of this difference K‘'as not yet been definitely 
elucidated. 

Vanino’s Hycjrogen Peroxide Method.- —Thus is a volumetric 
method for thc'analysis of bleaching powder based on the above reaction. 
The bleaching powder is decomposed by adding an excess of hyd'ogen 
peroxide, standardised bv means of permanganate, and the undecom¬ 
posed peroxide is titrated back. The method is more complicated than 
that of Penot, and offers no special advantage*. 

* Z.'anj^ew. Chetn.^ 1891, 4, 4S0.' - Z. angtv), Clum., 1890, 3, 83. 
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Vanino^ i^commends the following apparatus (Fig. 213 ) for the rapid 
approximate determination of available chlorine. It is very convenient, 
and is adapted for use by workmen in bleaching works, etc. It is also 
generally suitable for other tests in which an evolved gas is,,measured 
when rapid approximate’results arej wanted. " 

The bleaching powder is wcighelljoff on a hand bah'ince, ru^jbed to a 
^cream with water, and introduc,ed ,int 6 the g’enerating flask A ; the 



• • Fii;. 21s. 


solution of hydrogen peroxide is placed iti c. The outlet tube, /, 
of the gas-holder is best drawn out to a point, to reduce the tendenci^to 
form air-bubbles. The gas-holder i.s filled with,wat(fl-, and before each 
te.st the tube p is Uwered .so as to aliow a few drops of water to 
escape; this tube must remain filled with watef, both at flie beginning 
and at t|je end of each experiment. A measuring cylinder is placed 
under the outlet of the tube p. liy opening,the pinchcock at the 
I^jyjfrof^en ^i^croxidc solution lloifs into the bleach solution and the 
o 5 ygen evolved displaceste own volume of water, which is collected in 
> Z. angew. Chtm., i8go, 3, 509. See also Ikftller, tbu!., 1910, 23, 1556. * 
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the measuring cylinder. A certain time is allowed to elapse after each 
test before the volume of water in the cylinder is read off The results 
are calculated from Vanino’s table (p. 609), the figures in which give 
the wgiglit in milligrams of i c.c. of chlorine ggs (saLurated with 
moisture) at the . temperatures sind barometric -pressures shown.^ 
A deduction of .1 mm. must be in.ade from the barometric reading at 
temperatures from 10° to 12°,"of 2 njm. at 13° to 18°, and of 3 mm. 
at 20" to 25°, so-as to reducQ the reading of the barometei;, to 0° 

If, for example, i-iQ g. of bleaching poxi-der is taken for the test 
and the volume of WL.ter collected, cojrespcnding ,to the oxygen evolved, 
measures 140 c.c. at 10° and 720 mm. pressure, the calculation is 
made as follows. From the table tne factor corresponding to loband 
720 mm. is 2-858; this I'nultiplied by 0-140, the volume of the water 
collected expressed irt litres, gives 0-400 a-s the weight in g. of the 
chlorine contained in the i-io g. of bleaching powder, which, therefore, 
tests 36-36 per cent. 

The carbon dioxide present in 1 bleaching powde; is occasionally 
determined. This may be done by decomposing the bleach with hj'dro- 
chloric acid and passing the liberated chlorine and carbon dioxide into 
an ammoniacal solution of cajeium chloride (one .part CaCio.6H.^O, six 
parts water, and ten parts aqueous ammprria, sp. gr. 0-96, mixed and 
allowed to stand for some time). The chlorine reacts with the ammonia 
according to the equation ;— 

8 NHt + 3 CI,-- CNn,Cl-l-N;. 

The reaction may be hastened by boiling the .solution. The carbon 
dioxide is converted into calcium carbonate, which is filtered off and 
determined in the usual manner. 

The method devised by Lunge and Kittcner (p. 615) is both more 
convenient and more accurate. 

Orton and Jones- have devi.sed a method for determining the 
alkalinity of bleaching powder solutions. A known volume of N\\o 
hydrochloric acid is placed in a Drechsel wash-bottle, a known volume 
of the bleach solution added, and'dust-free air i.-l hflbbled through in a 
rapid stream in the dark till all the chlorine is evolved (till a drop of 
methyl orange is not bleached by the liouid).-- The excess of acid is 
then titrated by A^/io alkali. The reactions are :— 

'Ca(OCl). -I- 4HCI = CaCl, + 2n.,0 + 2CI.,. 

. ' Ca(dH),-f'2HCl = CaCb-l Ad.fT ’ - 

^ This table is icised on tlie value 3*16696 g. as rejirescnling the weight of I Iit« of dry 
chlorine at o^C. and 760 nnn. p^ressure, whereas th: correct figure according to the most recent 
determinations is 3*214. Conbc-qucnlly, the \viiolq,of the values given in Vanino’s table arc 1*5 
per cent, too low, Vanino has more recently ana/. Chtm.y 1902, 41, 539) ciktCndctj the table 
to 30“’ and for the odd valuc.s for the Itaromelric jircssurc, within the above limits. 

1909, 34 ,' 3 l 7 * ' ‘ 
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From the determination of the available chlorine, the amount of 
hydrochloric acid corresponding to the first equation is calculated, 
and that corresponding to the second is then obtained by difference, 

M. Philibert ‘ employs an iodomctric method to determine the- 
alkaliriity'of bleach solutions. ' 

r 

i 

II.' Bleacuinc Solutions and Electrolytic Liquors 

Bleaching solutions iron.sist essentially of mixtures of hypochlorites 
"and chlorides, and some also contain free'hypochlorous acid. The 
base may be calcium, potassium, sodiurn (in Eau de Javel and liq. 
sod. chlorinat.), or magnesiqm,_ zinc, etc. Whether such solutions be 
prepared by'the double decomposition of bleaching powder with various 
.salts, or by passing chlorine into milk of lime, sodium carbonate, etc., or 
by the electrolysis of chloride solutions, the constituents are hypochlorite, 
chloride, free hypochlorous aci^l, and chlorate, with bases such as the 
alkalis or calcium ; the solutions ma^ also contain carbonate in addition 
to caustic alkali. 

The same constituents are present in the liquors which result 'from 
the electrolytic'inanufacture of caustic alkali or of chlorate, but the ratio 
between the various substanfes is very different from that existing in 
bleaching solutions. The same methocls of analysis are, however, 
applicable in both instances, 

James and Richey - have given a useful summary of the various 
methods of analysis adopted in electrolytic works. 

Available Chlorine.—In bleach solutions the determination of 
the available chlorine is in most instances sufficient; this is carried 
out as described under bleaching powder (p. 600). For a rapid works 
method of determining available chlorine in bleaching liquois dependent 
on measurement of pressure of the oxygen evolved by the reaction of 
hydrogen pero-^ide on the liquor, see Schrero.“ 

The available chlorine may be due either to hypochlorites or te 
the free hypochlorous acid. The bleaching value is greater when 
the hypochlorous acid is free; and the exceptionally great bleaching 
value of many liquors, especially electrolytic liquors, depends on 
this, so that it may be Yiecessary to de.'^ermi.ie the quantity of free 
hypochlorous acid accompanying the hypochlorite salts in solution. 
Insoluble substances or material remaining undissolved, such as zinc 
oxide, calcium hydroxide, etc., may be takc-n to be without action on 
hypochlorous acid. Should the liquor be found to contain free base 
in solution, free hypochlorous acid may be regarded as absesit; it will 
only occur when all the basic material present has been saturated 

‘ /. Phat-m. Chim., lgi8 [vli.], l8, 260. /, Aiiur. C/itin. Soc., 1902, ^4, 469. 

• /. /i^. £ite. 1921, 13, 550 ; / Sue, Chem. /W., ig2I, 40, 57;* A. 
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by acid radJtals. The' various salts will, of course, be more or less 
hydrolytically or electrolytically dissociated according to thb concentra¬ 
tion of the solution, but such dissociation iSiwithout influence from the 
analytical stlindpo^t. • , 

Free Hypochlorous'Acid —Ih calculation shc*ild show that the 
quantity of base, the NagO, for inst^.yice, in the case of a soda^solution, 
is insufficient to neutralise the wl^ole of fHie acid% found (to form sodium 
chlorides, sul[:(batc, carbonate, and hypochlprits), it may be concluded* 
that free hypochlorous ajid is present. ^ 

A much simpltr method «depci\ds upon the fac! that when a salt of 
hypochlorous acid reacts with potassium iodijle, two molecules of the 
basw are liberated, whilst free h^pochlofous acid only sets free one 
molecule of the base:— ' * 

. • » 

_ ' NaOCl'+ 2 tfI + HjO^NaCl + 2 KOH + I,. 

HOCl + 2 KI .= KCl + KOI 1 +1„. 

• • 

Consequently* if the liberated ftodine be removed by titrating the 
solution with thiosulphate, the two products can then be distinguished 
by titrating wifli standard acid. Any alkali carbonate present in the 
original solution must of course be allowcfl for {cf. p. 617). 

The separation of free Ifypochlorous acid by distillation, with or with¬ 
out the addition of other acids, is too uncertain to be of value. 

Lunge ^ has Hesttribed a simple method for distinguishing between 
free chlorine and hypochlorous acid, based on their reaction with a 
neutral solution of potassium iodide; hypochlorous acid forms an alk.ali 
hydroxide, whilst in the case of chlorine the solution remains neutral, as 
shown in the following equations :— 

• I. cion + 2i':i-Kci + KOH + ij. 

2 . Cl,-t- 2 KI ■--- 2 KCI H-I.j. 

, ' In the first reaction tlje liberated iodine reacts with the potassium 
hydroxide to •produce varioils compounds, especially potassium iodate; 
this may, however, be prevented by previously adding hydrochloric 
acid in known quantity to convert the free alkali into potassium 
chloride; it is then onl>;nccc.s.sary to titrate v^th standard alkali. The 
reactions in acid solution are*— 

I«. CIO 11 + 2 KI + 11 Cl 2 KCl +1., t*I 1,0.* 

2«. Ci:+2Kk+IlCl-2kCl?-L + nCI. •• . 

• 

That is, with hypochlorous acid one molecule of hydrochloric 
acid is ifbutralised for each molecule of hypochlorou* acid reacting 
with potassium iodide, whilst in the case of chlorine the hydro- 

cMcJ^ic'aciS'added remains unchanged. If, then, the solution be first 
* • 

Chem. Ind.y lS8l, 4t ^93* 
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titrated with 7 V/io thiosulphate solution, and then with<iV/io sodium 
hydroxide Solution, in la the volume of thiosulphate solution used will 
be equal to twice'the diference between the number of c.c. of JV/io 
alkali jieqessary to neutralise the full quantity of acid originally added 
and that now required to'neutralise the cxcesrj of free acid. In 2a, no 
such difference, will occur. Fo,r' intermediate cases it is easy to 
calculate the ratio between tfte l^yppchlorous acid and chlorine, sinpe 
for each c.c. ///lo hyilrochloric acid, neutralised, 2 c,c. Njf .0 thio-' 
, sulphate must Be allotted to hypochlorite. ; 

This method is difficult of application (in the^ presence of free alkali 
or alkaline carbonate, but free chlorine is then, hardly likely to be 
present. ' c . " 

Chlorates may be 'determined by' first finding the available 
chlorine according t6' Peiiot's rnethod, ard then this and chlorate- 
chlorine together, by boiling with ferrous sulphate and titrating ba.k 
the excess of the latter with 'permanganate, as described‘on p. 598. 
The difference between the two figures so obtained gives the chlorine 
present as chlorate. The chlorine present as hypochlorite and chlprate 
may also be determined iodometrically, by boiling with strong hydro¬ 
chloric acid and collecting the evolved gas in potassium iodide solution 
{cf. p. 603). ' , ' 

According to Winteler,’ the latter method is very inexact, but 
results accurate to within o-i to 0 2 per cent, arc, obtainable by the 
ferrous sulphate method, provided the solution containing the hypo¬ 
chlorite and chlorate be added to the measured excess of ferrous 
sulphate solution and the mixture be allowed to stand for several 
minutes before heating, air of course being excluded. 

The direct method due to Fresenius- is preferable to the abovej but 
more troublesome. The solution to be tested is treated with an excess 
of neutral lead acetate solution ; a precipitate is formed which gradually 
turns brown with liberation of chlorine, and, which contains a quantity 
of lead peroxide corresponding to the hypochlorite present:— 

Ca(()CI),H-Pl,Cl_,- PbO. + CaCi: 

The solution is allowed to stand for eight to ten hours, with frequent 
agitation, until all smell of chlorine hat' disappeared. The chlorine 
liberated reacts ivith the lead acetate solution to form lead chloride, 
lead peroxide, iyid free acetic, acid. The precipitate, consisting of the 
peroxide an'd chloride .of lead, is filtered off hud washed, the filtrate and 
washings concentrated by evaporation, and the contained Iqad and 
calcium precip'itatcd by addition qf sodium carbonate in slight excess; 
the filtrate, which then contains the chlorate as the sodium salt, is 
evaporated and its chlorate content determined (p. 598). ‘ ""' 

■ ' Z 1903, <0, 33. /i>Z,'i895, 8, 501. 
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For !iqu?irs which’ contain much hypochlorite together with 
chlorate, such as electrolytic and other bleaching solutiofts, Ditz and 
Knopflmacher^ recommended estimating the chlcjrate iodometrically 
by decomposition At the ordinary temperature with strong hjidrgchloric 
acid and potassiufti broftiide., Thr process,‘which•is also suitable for 
the examination of chlorate liquor^, has been modified by Ditz‘‘’ as 
follows. The apparatus employed js ^own ifi Fig. 214. The bottle 
a has a capacity of about t500 c.c., and may be dosed either by* 
the stopper b, 0( by th« heajJpjece c, as shiwn in the figure. The^ 
latter is provided with a di*opping funnel, d, ana* with an absorption 
tube, e. • 

The volume of chlorate solutfon asefl for a determination should 
contain approximately O'i g. of chlo¬ 
rate, ffa^cfllated as K£ 10 j* In dqfer- 
mining the chlorate in a mixture con¬ 
taining both chlorate and hypochlorite,* 
the volume take*n for analysis should 
be *0 regulated that the tot’al con¬ 
sumption of A^io sodium thiosulphate 
solution will be fgonr 40 to 50 c.c. The . 
measured volume of chlorate liquor, 
together with 10 c.c. of a 10 per cent, 
potassium bromide solution, is intro¬ 
duced into the bottle, and after the 
absorption tube has been filled to two- 
thirds of its height with a 5 per cent, 
solution of potassium iodide, concen¬ 
trated hydsochloric acid is added from 
the dropping funnel d. If the volume 
of the chlorate solution does not exceed 

C.C., 50 c.c. of acid is added, and 
proportionately more if more than 25 c.c. are required for the analysis. 
The liberated broirjme is absorbed by the potassium iodide in ; to 
prevent the solution being sucked back into a, the stopper on the 
exit-tube of e is inserted. After the whole has been allowed to stand 
for five minutes, from 500 to 600 c.c. of distilled water are introduced 
through the dropping funnel, followed at a niodertite rate by about 
20 c.c. of the 5 per‘cent, ^potassium iodide soluticyi* If more than 
50 c.c. of hydrochloric acid have been used‘for the decomposition, 
proportionately more water must be added. The mixture is well 
agitated, the contents of the absorption tube blown over into a, 
the, tube together with the hea'dpiece thoroughly washed, the latter 
replaced by the glass stttpper, and the liberated iodine determined 
^ Z, angew. CJum.y 1899, 12, 1195. “ 1901. 25, 727. 
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by titratiorp with N'jio thiosulphate solution/ If j c.c.'^of the thio¬ 
sulphate solution equals a g. iodine and the volume required for the 
titration of the libetated iodine be d c.c., the weight of chlorate present, 
is given by the equation:— , 


g KClOj ^axhx 'J ^ = o-1609 a x />, 
• yOi’S 


'and the quantity of potassium chloride equivalent to this by the 
, equation;— ' - r ' 

g KCl — axhx -= 0.0079 a x h. a 

* r 761.S 


When examining m'rxtures containing both hypochlorite and 
chlorate, the quantity’ of hypochlorite prevsent- must be determined 
previously and allowed for. 

Kolb and Davidson' also” carry out the determination at the 
ordinary temperature. They dissolne about o-o8 g. of the chlorate in 
10 c.c. of water, free from ajr, in a 500'c.c. flask, heat the solution on 
the water-bath, and allow it to cool in a current of darbon dioxide; 
2 g. of potassium iodide and 50 c.c. of air-free hydrochloric acid of sp. 
gr. M2 are then added, the whole allowed to stand for an hour, pro¬ 
tected from the light, diluted to 300 c.c. with boiled water saturated 
with carbon dioxide, and the liberated iodine finally titrated with 
sodium thiosulphate. 

M. Scholtz'^ reduces the chlorate to chloride with nitric acid and 
sodium nitrite, adds a measured volume of A710 silver nitrate solution, 
and titrates back the excess with ammonium thiocyanate, using ferric 
ammonium alum as indicator. 

Hendrixson ^ reduces the chlorate with metallic iron, and titrates 
the resulting chloride, after o.xidising the iron with nitric acid. 

Knecht' runs 50 c.c. of titanous chloride,solution (which must b‘q 
kept in an atmosphere of hydrogen as described in the section on 
“Organic Dyes,” Vol. IV.) into 5. c.c. of strong hydrochloric acid in a 
conical flask in an atmosphere of carbon dioxide. Then 10 c.c. of the 
chlorate solution (containing about 2 g. per litre) is run in from a pipette, 
and after at least three minutes thiocyanate is added, and the excess of 
titanous chloride ki titrated by means of a standard solution of a ferric 
salt. ... 

Chlori(ie-Thlorine.-~The chlorine present as chloride is most con- 

* Z, angtw. Chtnl:, 1904, 17, 1883 ; 1905, 18, 1047, 1693. Cf. also Ditz, ibid., 1905, 18, 1518. 

Arch, rharm., 1905, 243, 333 ; J. Soc. Chem.Jnd., 1905, 24, 904. 

’ C 4 zm./., 1904, 32, 242. ^ 

** y. Soc. Chem. Ind., 1908, 27, 434; A 7 w Reduction Methods in Volumetric Analysis, 
edition, Loudon, 1918. ' ^ “ 
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veniently estimated in the following manner. The availablt chlorine is 
first determined by Penot’s method (p. 604), whereby it is completely 
converted to chloride, whilst the arscnite is o?{idised to sodium 
arsenate. The latter compound is an exceptionally good indicator for 
the silver nitrate tftratioft, and, it is unnecessary to lliake any deduction 
for the excess of silver nitrate necessary to produce tlv; coloration. It 
,iS therefore only necessary nearlyn to* neutralise the free alkali by 
cautious addition of nitric acid (a slight ejacesi^of alkart is not harmful, 
excess of free acid is) aifd thgn 4 o titrate witii silver* nitrate solution,, 
with good agitation, as described on p. 73, until the precipitate 
becomes red owing to the formation of a email quantity of silver 
ars(?rftte. If preferred, the chloride 'may, of course, 'bj determined 
gravimetrically. On deducting the chjorinc c’orresponding to the hypo- 
chloriffe alid chlorate‘froift the tgtal chlorine*as determined above, 
t^ quantjty of chlorine present as chloride in the original solution 
is obtained. . * • 

Carbonic Acfd.—In determining carbonic acid, the details given in 
describing the analysis of Deacon gases (p. J90) and of bleaching powder 
(p. 608) apply. Naturally, appreciable quantities oj carbonic acid 
cannot exist in breach solutions containing calcium oxide or magnesia; 
they may, however, be presfflit in potash or soda bleaching solutions 
and in electrolytic potash and soda liquors. This carbonic acid may be 
determined by firs* converting the hypochlorite to chloride by boiling 
with ammonia solution free from carbonate, allowing the boiled solution 
to cool with exclusion of carbon dioxide, and then determining the 
total alkalinity by titrating a portion of the solution with methyl orange 
as indicator. The alkali hydroxide is determined in a second portion of 
the solution after addition of barium chloride, as described on p. 526. 
The difference between the two titration.s gives the amount of 
carbonate present. The carbonic acid may also be obtained directly, 
after decomposing the hypochlorite in the manner described above, by 
liberating it \^ith a strong ac‘d and determining it either gravimetrically 
or gas-volumetricaJ^^ (p. 82), blatttrer’s method (cf infni) can. also 
be used. 

The determination *of carbon dioxide in»pre.sencc of chlorine can 
also be carried out by the simplified Lunge-Marchlewski method 
devised by Lunge and Rittcner.* a • 

The apparatus employed is sho\vn in*Fig. 215. Tke decomposition 
flask B has a capacity of about 30 c.c.; it is fitted with a tap-funnel 
andcagillary exit-tube D, which is cut off flush with the bottom of 
the rubber stopper in B. D is connected wiih the exit-tube of the 
Bui^e burette A, as shown ; the’ungraduated portion of the burette 
nttist be calibrated. * . 

* ^ Z, a»gew. CAfm,, 1906, 1849. 
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f' 

To carry out a determination, sufficient substance or solution is 
introduced into B to evolve not more than 6o c.c. of gas; D is then 
connected with the burette, the taps E and F opened, and the whole- 
evacuated by attaching an ordinary pump to F. -This tap is then 
closed and connetted with the .pressure-bottle G, charged with 
saturated brine) which is used ,as the confining liquid in place' 
of mercury. A little of the brine i." allowed to enter the capillary 

portion of the bottom ’of the 
nitrome'-er, as a check on any 
possiole leakage, and the tap F 
again closed. 

The substance in B is (nen 
decomposed by adding hydro¬ 
chloric acid, drop by drop; from 
the tap-funnel C ; when the evo¬ 
lution of gas slackens the con¬ 
tents of B are 'neated, and the 
complete evolution of the liber¬ 
ated gases is facilitated by the 
addition of fro^ 2 to 3 c.c, of 
hydrogen peroxide; on again 
heating, the evolved oxygen 
drives out all "the dissolved gas. 
The burette is then disconnected, 
allowed to stand for about twenty 
minutes and the volume of gas 
read, after adjusting the pressure 
by means of the bottle G. After 
taking the reading, a measured 
excess of an N/lo sodium arsenite 
solution^ is added, through the 
burette funnel, to absorb the chlorine, 'and any portVon adhering 
to the funnel washed in with a-little water; this, solution floats on 
the heavier solution of brine. The carbon dioxide is then absorbed 
by sodium hydroxide solution introduced throufjh E; as all the chlorine 
haj been previously removed, no chlorate can be formed during this 
absorption. Wh(^i thq absorption is complete the residual volume of 
gas is read, which, deducted from the original reading, gives the 
volume of carbon dioxtde and chlorine, after correcting each reading 
for temperature and pressure; the vapour pressure of the brine may 
be taken as 80 per cent.of that of pure water. 

To determine the chlorine, the prfessure-bottle is detactsd, and.the 
contentj of the burette are washed out into'a. beaker, acidulated wfth 
hydrochloric acidj an excess of sodium bicarbonate* added, and the 
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unchanged arsenite titrated with Nj\o iodine solution. The volume 
of carbon dioxide collected is then calculated by difference. 

Bases. —As regards the bases, should* only one bfc present, as 
is usual, the totail quantity may be dcterjnincd by conversion to 
sulphate by evaporatingVith sulphuric acid. Calcibrn and magnesium 
may also be determined as oxalat* and pyrophospliate respectively, 

> ifter first decomposing the h)i)jo«hlorite by boiling with a strong^ 
acid. • • • ' ' 

Alkali Hydroxide anftl Carbonate. —BlattrcrJ describes the follow-* 
ing neat method for 'deterntining'these constituents in Eau de Javel. 
It depends upon tnc fact that. phenolpht'Aalein preserves its red 
coloilr in hypochlorite solution so long'as alkali hydroxide^s present, but 
that the colour is de.5troyed by free chlorine as soon as all the hydroxide 
jjas b'een*removed, artd [foes no1> return on the further addition of 
free alkalj. Ten c.c. of the bleach liguor is diluted with 150 c.c. of 
previously boiled distilled watei^ a few drops of a i percent, alcoholic 
solution of phcnolphthalein added, and the solution then titrated with 
norlbal acid, cejntinuous agitation being mtiintained during the addition 
of the acid. The whole of the alkali hydroxide is neutralised when the 
coloration produeed" by the addition of ar fresh djrop of phcnolphthalein 
solution disappears on shak’ing the solution for five seconds. Each i 
c.c. of normal jcid used corresponds to 0 03100 g. Na^O or 0-04001 g. 
NaOH. The total alkalinity, NaOIT -|- Na.^COj, is determined in a second 
portion of the liquor by boiling with ammonia until the hypochlorite 
has been decomposed and all unchanged ammonia driven off, and then 
titrating with acid in the usual manner. The above methods are 
especially suitable for the examination of caustic potash or caustic 
soda soliftions produced electrolytically, which usually contain 
hypochlorite. 

The following is a very simple metht)d of determining the free 
•alkali. A small quarftity of chemically pure, neutral hydrogen 
peroxide is*addcd to the solution to decompose the hypochlorite, 
according to the Sifiiation NaOCl+'H.^O., = NaCl + 0„ + H,0, and the 
sodium hydroxide and carbonate present are then titrated in the usual 
manner {cf. p. 526). ^In ^his connexion, see also Orton and Jones, 

p. 60S.) _ =* 

H. v. Huber = has described a method ior the examination of 
electrolytic liquors tvhich,contain chronTate. Phcnolphthalein is, in this 
case, unsuitable as an indicator for the fred alkali present, methyl 
• orange, Jiowever, gives a perfectly sharp colour change at the point 
where potassium chromate is converted into the bichromate. If, there- 
jjSsG, ;lrc tSsromate ^ontent is known, it is only necessary to deduct from 

• ^ Lunge, Sulphitric Aciti aiir/ vol. iii., p. §01. 

/. lih'clrochern., 39 ^- 
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the total aciid required for titration the quantity necessary to convert 
the chromate into bichromate. If the quantity of chromate present is 
not known, the chromate is precipitated by addition of barium chloride; 
and the solution then titrated with acid. Wherei the quantity of 
chromate present is-small, it is not niecesss.ry to filter the solution before 
titrating. Any hypochlorite or fee hypochlorous acid in the liquor 
must first be removed ; this may.be dore without affecting the alkalinity, 
by addition of neutral sudiu.n sulphite or of sodium thiosulphate. If 
sodium sulphite be used, an excess must,be avoided, since with methyl 
orange the colour change only occur.', when such'excess has been con¬ 
verted to the acid sulphite which involves the consumption of the 
corresponding quantity of acfd. ' ' ’ 


III. POT.\.SSIUM ClILOUATK 

The potassium chlorate of comnicrce is usually alinost chemically 
pure, and contains only a ve^y small trace of chloride, the quantity of 
which should not exceed 0-05 per cent. Tor this reason it is necessary 
to take a somewhat large quantity of chlorate, -say. 50 g., for the 
determination of the chloride. The chloi-ate is dissolved in distilled 
water, and the chloride precipitated by addition of silver nitrate solu¬ 
tion. The distilled water employed must be psrfectly free from 
chlorides. The chlorate should dissolve without residue, and the 
solution should not be coloured by organic matter. Ammonium 

sulphide should not produce any coloration, indicating the absence 
of iron, manganese, or lead. Gamier * found arsenic in potassiym 

chlorate. < 

Potassium Nitrate only occurs in potassium chlorate as an 
adulterant. It cannot bo detected by fusing the chlorate and 

examining the melt for alkalinity^, a.s pure [lOtassium chlorate gives c 

an alkaline reaction after fusion. The following icactiolis are most 
satisfactory." 

One g. of the salt is heated with 5 c.c. of sodium hydroxide solution ; 
should ammonia be evolved, indicating the presence of ammonium salts, 
the ^solution is boiled until all ammonia has been expelled. The 
solution is then cooCed, q-; g. of zinc filings and iron powder added, and 
the whole again belted. Any ^ammonia then liberated is due to the 
presence of nitrate. Acoording to Scholvien,^ the potassium chlorate is 
heated until the residual potassium chloride has also been brought to. 
fusion. The melt is dissolved in water, and the solution treated with 

^ Fischer's Jahresber,^ 1885, p. 360. 

2 Krauch, The Testing of Chemical Reagents foF Purity,, PV 44 * 

® Apol^, Zeit., 1887, 408. 
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dilute suiphuKc acid followed by zinc iodide and starch solution. The 
coloratiorf produced should not be sufficient to render the solution 
opaque. A faint blue coloration is permissible, since with.o-oi per cent, 
of nitrate the colgur produced is so intense that the solution is quite 
opaque. • • * . 

A quantitative determination oj' the chloric acid in commercial 
^ ohlorate is scarcely ever undert^kep, owing tothe small amount of im¬ 
purity present; it may, howev.er, be carried oui as dcstribed on p. 598.' 
This determination wouljl be necessary for trie indirtet estimation of 
sodium and potaSsiuHn chloiate io a mixture of fhe two sails; so far 
*.■'—•■•‘■■'res do not, however, appear to occqr in practice. 

. _ t 

, IV. Liquid Ciu.okunk- 

The following physical properties of liquid chlorine are given by 
A. Lange.^ 

• Specific gravity at 0°; 1-469; I5'',i'426; 30", 1-381. 

Vapoftr pressure at 0°, 3-7 ; 15°, 5-8 ; 30", 8-7 atmo.s. 

One kilo corftsponds to/i volume of 316 litre.s measured at 0" and 
760 mm. pressure. 

Critical t*mperaturc, 146°. 

Critical pressure, 93-5 atmo.s. 

Boiling-point at 760 mm., — 33°-6. 

Melting-point of the solidified gas, — 102". 

’According to M. Pellaton,- the density of li(|uid chlorine is 
represenletl by the formula; rA-rt-f/;(i44-'/)-|-r^l44 —/, in which 
^ = 0-687014, /; = o-ooo2379, and c = o-o622l09. lie finds that the 
critical temperature is 144 and the critical pressure 76-1 atmospheres; 
and that the^lensity of the*;aturated vapour can also be obtained from 
the above formula u;jiyg rr = 0-48219,/'= 0-002451, c = o-oOS526. 

The chemical tSamination of the gas from the cylinders can 
be carried out by the methods for examining electrolytic chlorine 
(P- 591 )- * * 

^ Tasthoihueh. d, Berliner Br'-irk’ivei eines Deulscher p. 82. 

f/iwi./%r., ^15,13, , 
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Vapour Pressure and Specific Gravity of Liquid Chlorine. 

R. Knictsch.' 


Temperature. 

t Vapour Prossnro. 

i 

Spec.iic QravltJ'. 

Mean Coolllcient 
uf KxpauHlun. 

- 88 =C. 

37'5 mi 6 . H 4 ;. c 



86 ^ 

45-0 



80 

'' 62-!if „ 

1*0602 

S *■ 

7.5 

,88-0 „ 

*1-6490 


70 

' ' 118 

1-63S2 


65 

159 

1-6273 


60 

;>,io 

1-616? 


55 

275 , 

1-6055 

V 0*001409 

50 

350 

1*5945 


45 

l'i5 

1*5830 


40 

560 

1*5720 


35 

/ 05 

1 *5589 


33-r) 

700 

1-5575 


30 

1-20 Atm. 

1-0485 


25 

1-50 „ 

1-6358 


20 

1'84 „ 

1*5230 


15 

2-23 „ 

1-6100 

I 0-001793 

10 

2-03 „ 

1-4905 


5 

3'U „ 

1*48:30 


0 

3’66 ,, 

1*4690 


•1- 5 

4'25. ,, 

1*4548 

Jo-001978 

10 

4'95 ,, 

1 1-1405 

15 

5-75 „ 

1*4273 

10-002030 

20 

6*1)2 ,, 

1*4118 

25 

7 •1)3 „ 

1-3984 , 

j 0-002190 

30 

8'75 „ 

1*3815 

35 

9-95 „ 

1*3683 

jo-002200 

40 

11'60 ,, 

1-3510 

50 

1470 

1-,3170 

} 0-002090 

1 60 

18-00 „ 

1*2830 

70 

23-00 

1*2430 

j 0-00.3400 

80 

28-10 ,, 

1 *2000 


90 

31-50 „ 



100 

41-70 ,» 



110 

50-80 „ 



120 

60-10 „ 



130 

71-60 „ 



146 

93-50 ,, 

Critical point. 
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CYANOGEN COMPO.UNDS 

• . • • ‘ 

By Heiuiicrt K. \Vilua^is, Witliinyton, Manchester 

I 

• j 

OtTlS the technical methods of dete'etion and estimaliqn adopted in 
general practice and in the indiistr,v are, described in the following 
^ectioti; fhe methods‘selptted beijig those which combine speed with 
accuracy., 

For details of the method.s. of preparation and mJinufacturc, the 
physical and ’chemical propertfes of these compounds, and for 
alt^native me^thods of estimation, the general chemical literature and 
special books on the subject .should be consulted. 

The general ^dthods of estimation will be (,le,scribed first in detail, 
followed by an account of tlib special modifications required in applying 
the general me^iod to particular commercial products. 

It will be noticed that cyanide, fcrrocyanidc, ferricyanide, nitro- 
fcrricyanide, and thiocyanate can each be estimated by a final titration 
with standard silver nitrate solution. Owing to the ease and accuracy 
with which the silver nitrate solution can be standardised, it will be 
found of advantage to adopt the methods based on the silver nitrate 
titration. •These methods have the further advantage that they will 
be found simple, ea.sy of manipulation, and accurate, and at the same 
time only one standard solution is necessaty, 

• • 

SIMPLE CYANIDES AND HYDROCYANIC ACID 

Cyanides appear*in the market mostly as the sodium or potassium 
salt, the former now ^rapidly supplanting ^he latter. A considerable 
quantity of hydrocyanic acili was manufactured for war purposes, but in 
normal times a comparatively small ejuantity of thij compound, and of 
certain simple double cyanides which.are used in pedicine, etc., are 
produced on a manufacturing scale. Sodium <:yanide i^Tuanufactured 
chiefly W the following processes :— 

I. By passing dry ammonia through heated metallic sodium and 
.then adding carbon. • 

••‘Vf, By* fusing anhydrous sodium or potassium fcrrocyanidc with 
metalMc sodium. 

82 V , 
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3. By the recovery of hydrocyanic acid from the gases obtained in 

the dry distillation of beet residues in specially constructed 
furnaces. 

4. By fusing calcium cyanamide with sodium chloride or carbonate 

and carbon. " 

Recently a process has beer, patented and a plant erected in 
America for the manufacture of sodium cyanide by passing nitrogen 
over a heated mixtur^ 01 sodium OarbonUte, carbon, and finely 
divided iron, moulded into the form of briquettes, the finely divided 
iron acting as a catalyst. This process has yet to prove a serious 
competitor with the oldel processes mentioned above. 

The chief use of sodium cyanide is for the extraction of gold'^from 
its ores; but of late years an increasing amount of cyanide is consumed 
in America as an insecticide in agiiculturethh cyanide is converted' 
into hydrocyanic acid where required. 

Detection .—Hydrocyanic acid and .he simple alkaline cyanides may 
be detected in solution by several well characterised reactions, the most 
important of which are ;— 

1. The solution is made alkaline with sodium or potassium hydroxide 
and the mixture warmed with a few drops of a solution of ferrous 
sulphate. The cyanide is converted into ferrocyanidc, which may be 
recognised by slightly acidifying the mixture and addhig dilute ferric 
chloride solution, when a deep blue precipitate of ferric ferrocyanide 
will be formed if a cyanide is present in the original solution. 

If the solution is very dilute, it should first Vjc made alkaline with a 
little sodium hydroxide—avoiding excess—and evaporated down to a 
small bulk before testing by the method described above.' 

2. A small quantity of hydrocyanic acid or alkaline cyanide may be 
detected by acidifying the solution with tartaric acid and gently 
warming. The vapour which is evolved is allowed to act on a drop of 
ammonium sulphide (containing polysulphide)' on a watch-glass. The 
drop is then evaporated carefully to dryness, taken up with a little 
water and a drop of a dilute solution of ferric chloride added ; a red 
coloration shows the presence of a thiocyanate formed by the action 
of the hydrocyanic acid on the ammonium,polysulphide. For this test 
ferrncyanides should be absent. 

3. Cyanides in .he s'-lid state may be detected by gently fusing the 
solid with anhydrous sodium thiosulphate. By this means any cyanide 
present is converted into the thiocyanate, which may be detected by the 
red coloration oroduced on the addition of ferric chlorid' to the-' 
acidified solution of the fused sale Ferrocyanides and the double 
cyanides generally will also give the above reaction. 

^ 1 G. r. Lander and E, Walden, Analyst^ 1911, 36, aCo. 
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Hydrocvanic Acid 

Hydrocyanic acid is too weak an acid t® respond to- an indicator, 
and therefoA cansiot be directly titrated with standard alkali solution. 

_ If, however, an ejJcess c?f mcfcuric chloride solution is added, hydro¬ 
chloric acid is liberated with formation of mercuric cyanide,*:— 

2llCN + HgCL‘= iHCl + Hgi^N).,. 

The liberated hydrochloric acid ia readily titrated,with standard alkali„ 
in the usual manner. * . . 

'Po a measured quantity of the solution containing not more than 
I p'flP cent, of hydrocyanic acid, an excess of a neutral solution of 
mercuric and sodium chlorid'cs—containing 27'i g. HgCI, and ii-yg. 
NaCl hi 560 c.c. of watsr—fe added The solution is then titrated with 
IVfio alkali solution, using iodoeosin or other suitable indicator. Each 
c.c. of A710 alkali = 0'0027 g- HCJS* {</. p. 624). i 

Free hydrocyd'tiic acid in the abseilce of other cyanides may be estimated 
by rieutralising the acid with’a slight excess of sodium hydroxide, 
adding a few drops of potassium iodide solution, apd titrating the 
.solution with A'/^iO'silver nitrate solution until the first appearance 
of a permanent opalescence.' 

In the presence of an alkali cyanide, a portion of the solution is first 
titrated with silver nitrate solution with no other addition than a few 
drops of potassium iodide. A second and equal portion of the solution 
is neutralised with sodium hydroxide and then titrated with the silver 
solution after the addition of potassium iodide. The amount of silver 
solution required in the first titration is equivalent to the alkali 
cyanide pre.sent, and in the second to the alkali cyanide plus the 
hydrocyanic acid. Thus the difference of the second and first results 
gives the volume of alkali equivalent to the hydrocyanic acid. Each 
<:.c. of N\\o silver nitrate.-0-0098 NaCN or 0-0054 HCN. 

The hydrocyanic acid id cherry laurel water and bitter almonds is 
present partly in. the free state, and partly in combination .with 
benzaldehyde as a glucoside, and may be estimated by the following 
method'*:—20 c.c. of a neutral solution of sotlium sulphate (in which the 
benzaldehyde cyanhydrin is' insoluble) is introduced into a separating 
funnel and 10 c.c. of the solution to be examined rjdded, followed by 
50 c.c. of ether^and'io drops of a 0-2 f)cr cent, alpaliolic solution of 
iodoeosine. The solution is then made just noutral, mercuric chloride 
i^oluticm is added, and the mixture well shaken. The aqueous solution' 

is run off into a beaker containing distilled water, ’and the liquid 

• 

•L. Roienthaler, Arch. Pharm., 1910, 248, 529 ; /. Chem. See., 1910, 98,1119. 

^ L. Ro3enth||er, Icc. cit ^ 
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remaining in the separating funnel Jj washed wiihsome sodium sulphate 
solution, "i'he aqueous solution, which contains the hydrochloric acid 
equivalent of the free hydrocyanic acid, is then titrated with TVyio alkali. 

The total hydrocyanic acid, both free and combined, may be 
estimated' by adding a known excess of Nj\o alkali 'nydro'xide solution 
and a few drops of indicator to a measured quantity of the liquid., 
Mercuriaichloride is then added, and the excess alkali titrated with NfiQ 
r sulphuric acid with vigorous shaking.' ' i- 

The total hydrocyanic Acid in the ‘solution taken is obtained by 
" subtracting the number of c.c. of iV/ic acid -used from the volume of 
iV/io alkali originally taken, and multiplying the result by 0 0027. 

Hydrocyanic Acid mAyhe estimated in the presence of Cyanogen by the 
method prowsed by F, Rhodes,' which depends on the fact that 
hydrocyanic acid reacts with sii.ver nitrate in solution to precipitate 
silver cyanide, whereas with cyanogen no reaction takes place. 

The gases containing the two compounds, or the vapours from the 
solution, are'passcd through two absorption flasks, the first containing 
10 c.c. of a 10 per cent, solution of silver nitrate, acidified with a drop of 
dilute nitric acid, and the other 10 c.c. of yV/5 potasfium hydroxide 
solution. 

In the first flask al'- the hydrocyanic acid is absorbed and precipitated 
as silver cyanide, which may be filtered, washed, and estimated. In the 
second flask the cyanogen is absorbed, and reacts, with the alkali 
hydroxide to form equivalent amounts of cyanatc and cyanide, thus ;— 

(CN), + 2 KOH = KCN + KCNO + H,0. 

The cyanide may be estimated by washing out the contents of the 
absorption flask into a beaker and titrating the solution with Nfo 
silver nitrate. One c.c. of N\\.o AgNO., = 00104 g- cyaiiogen. 


Alkam Cyanidks, 

The simple alkali cyanides arc best determined by titrating with 
standard silver nitrate solution. This method, Avhich is a modifica¬ 
tion of that first proposed by Liebig, is the one usually adopted in 
technical practice, as it nas the advantages oV speed and accuracy. 

‘"-The gradual addition of a solution of silver nitrate to a solution of 
an alkali cyanide fordis silver cyanide, which at first dissolves in the 
excess of alkali by'anide to form a soluble double salt, tihus :— 

2NaCN + AgNO^ = NaAg(CN).^ + NaNO,. 

A further addition of silver nitiate solution after this stage of the 
reaction has been reached produces a permanent opalesceiKJt dqovt'Ddhe 
’ J. Ind. Eng. Chem., 1912, 4, 652. 
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precipitation* of silver .cyanide iti a finely divided stat% The first 
appearance of this opalescence indicates the end-point of the reaction. 

The method is carried out as follows:—A few dijops of a solution of 
sodium or pijtassium hydroxide are added to a measured volume of the 
solution to be estiiyated ^containing cyanide equivalent to o i t(fo-i5 g. 

• of HCN) to neutralise any f{ee hydrocyanic acid, followed by a few 
(]r‘ops of a 10 per cent, solution of poftssium iodide. A^/io silver nitrate 
‘solution is then slowly run in from a burette, the liqui^ being agitated,* 
until the solution shows ^ faint opalescence wjiich remains permanent 
after agitation and sti ndihg a Shorjt time. The firlt appearance of this* 
c^alpscence may be more readily'observed if the liquid is viewed against 
a bliifk background. « , » * , 

The silver solution maybe added fairly*rapidly at first, and then 
with gjeat^r care as the precipitate redissolves njore and more slowly. 

* •Sulphides and free amfnonia mdst be absent from the solution, and 

excess of Alkali hydroxide should be, avoided. Haloid salts do not 
interfere with tli^: reaction; in flirt, the potassium iodide is added to 
render the end-point more distjnet, and to prevent high readings due 
to the presenc* of certain salts such as ferrocyanides or of excess of 
alkali hydroxides. ^ ^ 

The estimaticfti of cyanides in the pre'scnce oi hydrocyanic acid has 
been described under hydrocyanic acid (p. 623). For very dilute cyanide 
solution Nj 100 silver nitrate should be used. Each c.c. of the Nj 10 silver 
nitrate solution = 0 0054 g. IICN, 0-01303 g. KCN, or 0-0098 g. NaCN. 

The simple double cyanides such as those of sine, cadmium, nickel, 
copper, mercury, silver, etc., are best estimated by distilling a weighed 
quantity or a measured volume of the solution with dilute sulphuric 
acid, to which some sodium chloride is added if copiier, mercury, or 
silver is present. The evolved hydrocyanic acid is passed through a 
conden.ser into a .solution of sodium hydroxide. When all the hydro¬ 
cyanic acid is distilled off, the dilute cyanide solution in the absorption 
flask is pourcil into a beakar, and the condenser and flask wa.shed out 
with distilled water. The cyanide sglution is then titrated with W/io 
silver solution in tht manner described above. 

The double cyanides of sine may be estimated by direct titration 
with standard silver nitrate solution if sufficient sodium hydroxide is 
added. ^ 

The use of a star^dard solution oi a jnercury or nickel salt has been 
proposed in plate of the standard solution of silver hitrate^ but with no 
advantage. 

• Certafli cyanides, such as, for example, mercuric‘cyanide, whick 
ionise but slightly in aqueous solution, cannot 6e estimated by Liebig’s 
v^lAfittric ‘method no reaction takes place on addition of the 
standard silver siilution. If the solution is made alkaline witjt sodium 

2 R 
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or potassiupi hydroxide, and alutl'iinium powder added slowly with 
agitation, the whole of the mercury is precipitated; the cyanide can 
then be titrated by,,Liebig’s method in the filtered solution.’ 

The estimation of cyanides in the presence of ferrocyapides is best 
carried’out by the method proposed by W. Feld. A measured volume 
of the solution containing the cyanide is'placed in a distilling flask, an 
excess oFa solution of magnesi'im'chloride added, the whole diluted tp 
•300 C.C. and distjjled, the vapours being passed through a condenser into 
a solution of sodium hydroxide. The cyanide solution thus obtained 
' is titrated with A71C siUer nitrate. ^ , 

The magnesium chloride reacts with the alkali cyanide forming 
magnesium cygnide, which hydrolj-ses on boiling into magnf^.gium 
hydroxide and hydrocyanic acid which distils off: 

2lLO + MgCL + zNaCN = J\Ig(OII), + 2IICN + aNaCI. 

If sulphides are also present, hydrogen sulphide will be driven off 
with the hydrocyanic acid, owing to tne hydrolysis of the magnesium 
sulphide, and condensed in the alkali hydroxide solution. An 
equivalent amount of lead* nitrate is therefore substituted for the 
magnesium chl6ridc. The sulphide is thus retajned in the still as 
black lead sulphide. ’ * . ' 

A small quantity of alkali cyanide may be estimated by first 
converting it into fcrrocyanide, by warming the solution with sufficient 
ferrous hydroxide and an alkali. A slight excess of a ferric salt is then 
added to the acidified solution, and the Prussian blue suspension 
formed matched against a freshly prepared standard made from a 
known quantity of potassium ferrocyanide. 

If the cyanide solution is very dilute, it is acidified wdth hydrochloric 
acid and the liberated hydrocyanic acid extracted by snaking the 
solution with ether in a stoppered separating funnel. The ethereal 
solution is then shaken with dilute sodium hydroxide solution, and 
the resulting cyanide titrated with Njioo silver nitrate so]ution. 

Commercial Cyanide 

The cyanide of commerce may contain certain other salts as 
impurities, the amount and nature of which depend largely on the 
method of manulactufe. The chief impurities likely to be present 
are carbonate, hydroxide, chloride, sulphide, cyanate, and possibly 
cyanamide, fcrrocyanide, formate, silicate, thiocyanate, etc. 

Although pj-actically all the cyanide consumed in the gold extraction 
industry at the present time is the’ sodium salt, it is still fhe general 
practice to calculate the percentage of cyanide on the basis of’he 
• * V. Borelli, Cazz, Chxm, 1907, 37, 429. 
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potassium saflt; thus pare sodium fcyanide would be soldi as 132 per 
cent. KCN, and cyanide of, say, 100 per cent. KCN may contain a 
considerable percentage of impurities such a^ sodium carbonate, etc. 

Ten g. o 5 the jample is carefully weighed out, dissolved jn distilled 
water, and diluted.to icxjo c.c. The distilled^ water.used shpulcfbe well 
• boiled and cooled to free it from dissolved carbon dioxide and other 
ffases. # • * 

1. r.yanifje. Twenty-five,c.c. of the.ajao^ve solu^on is measured 
into a beaker flask of #00 10^250 c.c. capacity, diluted with cold 
carbon dioxide—•free distilled water, a few drop? of a 10 per cent.* 
Elution of potassium iodide added, and ^ith rV/io silver nitrate 
solution run in until the first appearanoe of a slight.but permanent 
opalescence. The presence of chlorides lor thiocyandtes does not 
interfare *vith this titratign, but sulphides must be absent. In the 

*pi'esence of the latter the* solution’must be shaken with a little freshly 
precipitate*d lead carbonate, filtered, and the precipitate thoroughly 
washed. The filtrate is then tit-ated in the manner described. 

"l^his method is both rapid-and simple^ and if carefully carried out 
is very accurate. The cyanide may if desired be estimated gravi- 
metrically as silvet cyanide, but this method is rnore tedious and 
has no advantages over*tbe titration method. Moreover, chloride, 
thiocyanate, or other salts capable of forming a silver salt insoluble 
in nitric acid stil^tion, will be precipitated with the silver cyanide. 
The precipitate is purified after washing by boiling it with mercuric 
acetate, when the silver cyanide is converted into mercuric cyanide and 
silver acetate. The silver in the filtered solution—which is equivalent 
to the cyanide originally pre.sent—may then be estimated by pre¬ 
cipitating and weighing as silver chloride. 

2. Chloride. For this estimation the whole of the cyanide must 

first be removed. One hundred c.c. of the^cyanide solution is placed 
Jfi a distilling flask, acidified with a slight excess of acetic acid, and 
distilled genlily through a condenser into sodium hydroxide solution. 
When the distillation is complete, .the liquid is washed out of the 
distilling flask, neutralised with a slight excess of ammonia, and 
evaporated to dryness on the water-bath^or till free of ammonia. 
The residue is dissolved in distilled water, a few drops of potassium 
chromate solution added, and the solution titj;ated4 with Nfio silver 
nitrate, using potassium chromate, as indicator. Qne c.c. of Njio 
AgNOj = 0-003*546 g. Cl or O'OOSSqd g. NaCl. • * 

In.the known absence of cyanate or thiocyanate, the following rapid 
method inay be adopted. To 50 0/ 100 c.c. of the cyatiide solution is 
added a jt^ht excess of chlorMc-free zinc sulphate solution. The 
c^tfiide, carbonate, lTydr,(3xide, sulphide, and ferrocyanide will then be 
precipitated as iitsoluble zinc salt. The nftxture is dHuted to a*definite 
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volume. Fijtcr ofif an aliquot parlf and titrate with Njto AgNOj as 
above. . 

Another (netho(l due to K. Polstorff and H. Meyer' depends on 
the formation of a compound of hydrocyanic acid ^nd fprmaldehyde 
which IS not precipitated* by silver nitrate. ,To the cyanide solution 
containing about 0 5 g. of the origiiifil sample is added a slight excess of ‘ 
sodium Hydroxide, and •then 20 to 30 drops of a 40 per cent, solution 
bf formaldehyde (free from chloride). After standing a ,few minutes, 

5 c.c. of strong •nitric acid is added and the chloride titrated with 
'Njio silver nitrate.^ ' , ' , 1 • 

3- Carbonate. To 100 c.c. of the cyanide .solution is added an exce.^s 
of barium nitrate or chloride solution, when the whole of the carbonate 
will be prccip'ftateil as ban'om carbonate. ' The precipitate is allowed to 
settle for an hour in the co’ld, oul of contact with the air, then fltered 
and washed with recently boiled distilled water. The insoluble carbonate 
is transferred^to the beaker in which it was precipitated, distilled water 
and a few drops of methyl orange solution added, and tjic whole titrated 
with standard jV/io nitric or.hydrochlorrc acid. , 


One c.c. of Njio acid =0-0053 g- Na,,CO., or o-ooGpi^g. KoCO,,. 

4. Alkali Hydroxide. The alkali hydroxide, together with the 
carbonate, maybe estimated in the folloiyin-g manner:—100 c.c. of the 
solution of the sample is diluted to 200 c.c. with freshly boiled distilled 
water, and a known volume of A'/io sulphuric acid pcRled, sufficient to 
neutralise both the carbonate and hydroxide present, and to liberate a 
little hydrocyanic acid from the cyanide. 

The hydrocyanic acid liberated corresponds to the excess of standard 
acid over that required to neutralise the hydroxide and carbonate. It 
is converted into an equivalent quantity of hydrochloric acid by the 
addition of an excess of mercuric chloride, and the free acid then 
titrated with Njio alkali, using methyl orange as indicator. The excess 
of acid thus found, deducted from the total ac;d originally added, givds, 
the amount of acid required to neutralise the hydroxide and carbonate 
together. From this figure is the.n deducted tho acid equivalent to the 
carbonate present, as determined by the method de.kribed above. The 
remainder multiplied by 9-004 will give the weight of hydroxide in the 
cyapide taken, calculated as sodium hydroxide. 

The hydroxidy may also be estimated by a modification of the 
method described by Clenell,- To too c.c. of the cyanide solution 
standard silver nitrate, solution is gradually added until a faint but 
permanent opalescence appears; an excess of barium nitrate ij then 
added to precifiitate the carbonate,, the solution filtered and washed 
with carbon dioxide-free distilled water. The filtrate is tl),qn titrated 


’ Z. anal. Clem., I<ji2 
Chtm. 1895, 71, 
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with decinofmal acid, ‘using phelolphthalein as indicator. One c.c. 
of Njio acid = 0004 sodium hydroxide. • 

Accurate results are said to be obtaine^l by titrating the cyanide 
solution conj[ainiijg the hydroxide with Prussian blue suspyi-sion.^ A 
measured volume.of the,cyanide solution i# titrated with^Jp/io silver 

• solution to faint opalescence* and barium nitrate solution added to 

precipitate the carbonate. The r^suUing s»lution after fiTtration is 
warmed to ,30° or 40° C. and titrated ^^i(h^ standaj^J Prussian bluS 
su.spension until a faint blye colour remains pemnanent.* The suspension 
is of course well ‘shaken be^ofe uje. The Prussijfn blue suspension is 
Prepared by adding ferric chloride to a large excess of potassium ferro- 
cyayde, washing the precipitate A)y decantation as much as possible, 
diluting to a definite volunTe and standardising againsf a solution of 
sodium h^'droxide of kno\vn strengtlf. « 

* • This method is very si'milar to tire one described above, the Prussian 
blue suspension being substituted foi> the standard ac^d. It has no 
apparent advan1@gc, and undoubtedly requires more care and prepara¬ 
tion, with an accuracy somewhat problema|ical. 

5. Cyanates. The estimation of cyanates is based on the decomposi¬ 
tion which these salts undergo when boiled in aqueous solution with a 
mineral acid, whSreby ammqnia and carbon dioxide are formed :— 

HCNO + ILO = NIl3 + COo. 

To too c.c. of the cyanide solution dilute sulphuric or hydrochloric 
acid is added in slight excess and all the hydrocyanic acid has 
been boiled off in a draught chamber. The cyanide is evolved as 
hydrocyanic acid with the steam, while the cyanatc is converted into 
ammonia and carbon dioxide, the former remaining in solution in 
combination with the mineral acid. When the reaction is complete, 
the solution is washed into a distilling flask, excess of sodium hydroxide 
Solution added, and the, ammonia distilled through a condenser into 
a measured ^excess of standard acid. The excess of acid is titrated 
with standard alkjli. Each c.c. of ,acid neutralised by the ammonia 
= 0-0065 g. NaCNO'or 0 0081 g. KCNO in the weight of sample taken. 

6. Sulphide. An excess of freshly precipitated lead carbonate is 
added to too c.c. of tlTc cyanide solution and the mixture thoroughly 
agitated. The lead sulphide and the excess of l^ad carbonate are 
filtered off, washed .thoroughly, transferred from th^ filter paper to a 
small dish, and'evaporateS with an excess of iptric'acid oxidise the 
lead julphide to sulphate. When the excess of nitric acid has been 
driven off, a littlfe water is added, the precipitate filtered and thoroughly 
washed, 5yd the lead sulphate weighed in tlie usual manner. Each 
gUbSO, = 0-2575 g. N^.^. 

• A. Shland, Thorpe’s Diet. Appl.Khem,^ 1910, v6l, i. 
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A modifijation of the above metl|id has been proposed by T. Ewan.' 
A solution of lO g. of the sample dissolved in a small quantity of water 
is titrated with a standard solution of lead nitrate, until a drop placed 
on a piece of filter paper produces no dark coloration wi^h a drop of 
lead nitlate solution, The,results obtained by this m^ithod are, however, 
too low, but for small quantities of sulphide results sufficiently accurate 
are said tt be obtained by multiplying the results by 1-25, or by making 
«. standard solution of 2 4 g. pure lea'd nitrate per litre and taking i c.c. as 
equivalent to o-oj g. K^S.or b'Ooy g. Na^S. , ' 

' E. C. Rossiter^ p.-oposed to determiite the sulphide first by Ewan’s 
method, and then to add to a fresh portion of the. cyanide solution a 
weighed quantify of pure dry,, le^d nitrate sufficient to precipitat,a all 
the sulphide plus 10 per cijnt. excess. The excess lead is then titrated 
with a solution of sodijim Sulphide previously standardised ^by ,'odine 
solution. ' ' 

FERROCYANIDES 

The ferrocyanides of confmerce are met with chiefly,, in the forha of 
the sodium, potassium, and ferric salts (Prussian blue). The alkali metal 
ferrocyanides are produced principally by extracting the complex iron 
and ammonia ferrocyanides from spent oxi'de of iron and cyanogen mud 
—products obtained in the purification of coal gas—and also by fusing 
alkali metal thiocyanates with metallic iron, dissolving the fused mass 
in water and crystallising the filtered solution. The various brands of 
Prussian blue are manufactured from sodium or potassium ferrocyanide, 
and the methods of analysis applicable to them are described in the 
section on “Paints and Pigments,” Vol. II. 

Detection. —The most characteristic test for a ferrocyatlide is the 
blue precipitate or coloration produced when a ferric salt solution is 
added to a neutral or acid' solution of a ferrocyanide. A cupric salt 
produces the equally characteristic chocojatf: brown p^recipitate of' 
cupric ferrocyanide. 

Alkali Ferrocyanides 

'fhe various methods for the determination of ferrocyanides may 
be roughly divided,into,the following classes :— 

1. Estimationaof the iron of.the .'errocyanide. • 

2. The oxidation of the ferrocyanide to ferricyanide. 

3. Titration of the ferrocyanide with a standard solution, of ^ 

metallic‘salt. 

4. Decomposition of the ferrocyanide into hydrocyanic a^. ^ 

Estimation of the Ferrocyanogen Iron. —In. this'method the IroA'-i'f 

* /. Soa Chem. /xit.,'1909, 28, 10. * ® /. See. Chtm. Inh., 1911, 30, 583. 
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the ferrocyanide is converted into {Irric sulphate either by igniting with 
strong sulphuric acid until the ferrocyanide is completely»decomposed, 
or by boiling the solution of the ferrocyanide .with an excess of 
ammonium jr pojassium persulphate, the iron being then estimated in 
the usual manner, Thi^ method is only jfpplicaljle to f^rrocyanides 
• free from any other iron conipourds and from organic matter, and is 
not to be recommended. Very^sepou# error# have 6^n m'^de in the 
past by the.use of this method in the syi^lysis of ^e ferrocyanogert 
contents of spent oxide, otc. • • 

Estimation by Oxidation^witJi.l^jlO Permhng(}nate Solution. —This* 
fhethod depends on the oxidation of the ferjocyanide to ferricyanide. 
Th«,solution, containing not mott than.one g. of the.ferrocyanide, is 
plaQpd in a large porcelain ’basin of about rtooo c.c. capacity, acidified 
with dilute sulphuric acid f,! :4), dilufed to 6oo*o 700 c.c., and the per- 
*manganate solution slowly added from a burette with constant stirring. 
The end-point ^f the reaction is obserted by the colour ^f the solution 
changing to a y*llowish red. 

fhe reaction which takes place may be;expressed thus:— 
5K,Fe"(CN)„ + KMnO., + 4H2SO, = sKjFe'XCN), + 3K.S05+ MnSO^ + 4H2O. 

The permanganate •sc^Iution may be standardised by pure 
recrystallised potassium ferrocyanide K^Fc(CN),,3H20, or better, by 
the dry calciunf potassium ferrocyanide CaK,Fe(CN)5. This double 
salt is readily prepared by adding a solution of pure calcium chloride to 
a solution of potassium ferrocyanide, filtering, washing the crystalline 
precipitate, and drying it at 100° C, This salt has the advantage that 
it is easily prepared in the pure state and is anhydrous. A weighed 
quantity yf this salt is decomposed by warming with a solution of 
sodium or potassium carbonate. After thoroughly washing the pre¬ 
cipitate the filtrate is titrated with the permanganate solution. 

, ■ This method has bepn modified by R. Muller and O. Diefenthaler,i 
and by H. Etollenbach.’^ T'iie latter investigator suggests the addition 
of an excess of theper<ranganate solution to a distinct red-violet colour. 
A few drops of feVrlc sulphate solution are added, and the excess 
permanganate titrated with N\\o potassium ferrocyanide. A green 
precipitate is formed as each drop of the ^;rrocyanide solution enters 
the liquid, but disappears on stirring as long as the permanganate is in 
excess. The appearance of a unifeym green tint therefore denotes the 
end of the reaction, and fhe amount of ferroc^aniefe originally present 
is obtained by deducting the number of c.c. of standard ferrocyanide 
^sed from the total volume of perrnanganate solution cfi-iginally added. 

Each if., of N \\0 KMnO, is equivalent to*o o3684 g. K,Fe(CN)„ or 
dt02r2g.Fe(CN)„. • 

> Z. anorg. Ctum., igro, 67. 418. * ^ 7 .. Chim., 1908, 47, 687. 
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This method is only applicableWr the estimation ofTerrocyanide 
solutions free from other oxidisable compounds; in the presence of 
these bodies the following procedure is usually adopted. A measured 
quantity of the ferrocyanide solution is diluted ^and ^acidified as 
described above, anjl an excess of permangan?.te solution added which 
not only converts the ferrocyanide ^o ferricyanide but oxidises all the ' 
oxidisable corilpbunds present*. I he solution is then made alkaline, _ 
ferrous hydroxicle added, and the 'solution warmed. The: ferricyanide 
is reduced to ferrocyarade,’ but the other .oxidised compounds are 
‘not reduced. The ^lurion is then filtered, tl'ic precipitate thoroughly 
washed, and the filtrate, cooled if necessary, acidified with dilutfc 
sulphuric acid and titrated ivith A^/io permanganate in the manner 
described abdVe. v " 

This method is, howeveh, opell to the otjicction that the predpitate 
is very bulky and requires considerable washing, and also that* if' 
thiocyanate were originally present, hydrocyanic acid would be formed 
by the oxidation of this compound with permanganate. This acid, 
when the solution is subsequently mada alkaline, would combine .with 
the ferrous hydroxide to form more ferrocyanide, and* thus give too 
high a reading in‘the final titration with permanganate. 

In the author’s experience this difficuky may be overcome, by 
substituting white manganese hydroxide for the ferrous compound. 
This modification has the further advantage that tljc addition of only 
a little mangane.se hydroxide is ncce.ssary, as the solution will contain a 
considerable proportion of manganese salt from the reduction of the 
permanganate in the first operation. The precipitate is far less bulky, 
is more easily washed, and no ferrocyanide can be formed from any 
hydrocyanic acid that may be liberated from thiocyanates in the pre¬ 
liminary oxidation. 

This method and its modifications, though at times convenient, and 
applicable to solutions of co'mparatively pure f^rrocyanidcs, is not to bfc, 
recommended for general practice, and should not be .used for the 
estimation of ferrocyanides in liqui,ds obtained ivi.the.extraction of spent 
oxide or cyanogen mud. 

Titration with a Metallic Salt Solution .—copper sulphate or 
zinc sulphate is used ; other heavy metal stilts have been proposed, but 
have not been generally adopted in practice and offer no advantage. 

The precipitation of*the ferrocypnides by standard copper sulphate 
.solution, originally •proposed by Ilohlig, and *subsequen1;ly modified by 
Knublauch,' was at one time the accepted standard method iji the 
estimation of fesrocyanides, particularly in the valuation of spbnt oxidf'" 
of iron, etc. As sulphides, thiosulphatas, and thiocyanates intfif fere with 
the reaction, standard zinc sulphate was substitpted for the copptr ssA. 

» ^ J. GiAhtleucht.s 1889. 35 . 4fO. 
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This precipitant has the advantage that it is unaffected Jiy sulphides, 
thiosulphates, or thiocyanates, and the composition of tl^ precipitate 
obtained is more constant under slightly varying ccyiditiops than that of 
the copper ^alt. ^ This method has been generally adopted in works 
practice. Of late years, Jiowever, the decomposition of the ferrOcyanide 
into hydrocyanic acid, the absorption of this gas in sodium hydroxide, 
•and the titration of th^ resulting c;^ni<le withiV/io ^ 11 /er nkrate solu¬ 
tion i.s the pjethod generally used in standard practice. • 

a. Prccipilation xuitli ^Copper Sulphate. —'the std^dard solution is 
prepared by disselvihg i2-5^gror jiure recrysfallisSd copper sulphate in 
^000 c.c. of water and a few drops of sul[)huric acid are added. 

•The solution is then carefully sfaniiardised, as ^jescribed below, 
against a solution of pure'ferrocyanidc of known strength, and the 
coppfw sulphate solution^ strength(*ned or cliluted until l c.c. will 
exactly precipitate ferrocyanide equivalent to ooi g. of ferric ferro- 
cyanide I^e4[F<^CN)j3. • 

The ferrocyanide used for standardising the solutionis usually pure 
dry, recrystallised potassium ferrocyanide, or dry anhydrous calcium 
potassium ferrocyanide, CaK.,Fc(CN),,, prepared as described above; 
the sodium salt should not be used. * 

Exactly i-i^S g. caleiiyn potassium ferrocyanide is weighed out 
( = i g. Fej[Fc(CN),transferred to a beaker, a small quantity of 
distilled water‘aiyd a slight exce.ss of potassium carbonate solution 
being added. After heating to boiling, the precipitated calcium car¬ 
bonated is filtered off and washed, and the filtrate diluted to icxi c.c. 
Twenty c.c. of this standard ferrocyanide solution is then measured 
into a precipitation beaker of 150 c.c. to 20p c.c. capacity, acidified 
with 25 c^c. of A75 sulphuric acid, and 20 c.c. of a saturated solution of 
potassium chloride added; the latter addition, for reasons to be sub¬ 
sequently explained, is necessary, and must on no account be omitted. 

, ■ Standard copper suJjjjhate solution is run slowly from a burette into 
the solution»thus prepared. The beaker and its contents are agitated 
by giving the bca]cer » rotary motiqn with the hand. 

The end-point* of the reaction is determined by dipping a strip of 
filter paper or drop reaction paper, about ll inches long and J inches 
wide, into the liquid, so that about one-third of the strip is submerged. 
The strip is then removed from the liquid, held in the hand for a short 
time to allow the ^lear liquid to.rise,above the brown precipitate of 
copper ferrocyanide. The belt of the paper wjttecfby tlTew:lear solution 
is tl'\pn touched with a glass rod which has been dipped into a 5 per 
^cent. ferric chloride or iron alum solution, taking rtire that the iron 
solution.tloes not spread on to the copper ferrocyanide precipitate. 

’formation of*a tjlue colour at the junction of the two liquids 
indicates the presence of ferrocyanides skill in solution, and rgftre copper 
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solution niu4 be added. The amdiint of blue»colour formed in each 
test should Jbe noted, and as it becomes less smaller quantities of 
copper solutic^n shoyld be added after each test. 

It is advisable in the first titration to add 0 5 c.^ co{)per solution 
at a time towards the end of the titration, whei) a restjJt will be obtained 
within this limit. In the second titration the copper solution is added ' 
slowly, keeping^he liquid agitated,'until the an^ount run in is that ab 
which the blue was last seen m the first titration: and then .added 
a drop at a time, oetween each test until notblue coloration develops 
on the test paper aftdr at'least one mjhute. _ ‘ 

A sample of fcrrocyanide is estimated as in the standard meUiod 
given above, gulphides, thipcyjnates, or any compound capabbi of 
forming an insoluble coppfr compound other than ferrocyanide, trust 
of course be absent. Jhe ‘ferrocyanide is ^.usually freed from nthcse 
impurities by precipitating the acidified solution with a ferric s^t, ‘ 
filtering, washing the blue preeipitate, and decomposing it with a 
5 per cent, sofution of potassium hydroxide. , 

In carrying but this method the following points must be str^tly 
observed. About the same volume of liquid, and roughly the same 
amount of ferrocj^anide as that used in the standard titration, should 
be used in each test. An excess of potassium salts fnust be present 
in the solution to be titrated, and the addition of potassium chloride 
solution is made for this reason. In decomposiijg* any insoluble 
ferrocyanide, potassium and not sodium hydroxide must be used. 

Very considerable discrepancies in the results obtained by different 
workers have occurred in the use of this method through neglect of 
these conditions, but if the preceding directions are exactly followed, 
and with a little practice, this method is capable of yielding^excellent 
results. 

The composition of the copper ferrocyanide precipitate varies 
considerably when precipitated under different^ conditions. Thus the’, 
precipitate from potassium ferrocyanide contains more iilkali metal, 
and therefore less copper for each ferrocyanogen.equiyalcnt, than when 
sodiurh ferrocyanide is used. Again, the amount of potassium in the 
precipitate varies up to a certain point with the quantity of potassium 
salts present. But in the presence of excess of potassium salt the 
composition of the ferrocyanide is constant, and therefore concordant 
results are obtained. * , , , 

Sodium Ssrrocyatiide^ and other soluble ferrocyanides except the 
ammonium salt may be estimated by this method, as they are .con¬ 
verted into potassium ferrocyanide when an excess of potassium salts, 
is added. ' • ,, 

6 . Precipitation by Zinc Sulphate S<7/«/w«.—rJJiis‘method is identicaf 
in principip with the copper sulphate titration and difif*s but little in 
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detail. It hSs the important advantages that the presenc^of sulphides 
or thiocy anates does not interfere, and the presence or aljsence of the 
excess of alkali metal salts does not influence the ^mouiirt of standard 
solution req'^iredjto any great extent. 

An investigation of Jhis process has bees made by F. V?. Skirrow,^ 
who states that in the titrJtion ,of alkali metal ferrocyanides, t!ie 
presence of alkali metj^l salts does,*no^ affect, the reSij€, bu> a longer 
time must bg allowed in order to obtain a definite Md-point. In the 
author’s experience mofc,accuratc and concorJiant sd&ilts are obtained 
by the use of excess of alkali 'ijietal salts, and ^his addition should 
be made. 

iThe precipitate is not pure zinc fprrqcyanide Zn2Ff(CN)5, but that 
obtained from pota-ssium fefrocyanide is mpre or less fJure potassium 
zinc ferrocyanide, Zn3K2[l^e(CN)„]2. * t 

• It is usual to work wifh a solutfon stronger than the standard copper 
solution given ^bove, and 78 g. of pere crystallised zinc sulphate is 
dissolved in w^er with a few drops of sulphuric acid, and diluted to 
loog c.c. This solution is standardised against potassium ferrocyanide 
until I c.c. will^rccipitatc ferrocyanide equivalent to 0 05 Fe,,[Fe(CN)j3. 
Weaker solutions than the above may be used, but'the solution must 
be standardiseef against* a, correspondingly sfnaller amount of the 
pure ferrocyanide. 

The procedhrg is very much the same as that described for the 
copper titration. The solution containing the ferrocyanide is acidified 
with dilute sulphuric acid, an excess of a solution of potass’um 
chloride added, and the solution titrated with the standard zinc 
sulphate solution; the end-point is ob.servcd ,by means of strips of 
filter paper, using dilute ferric chloride as indicator in the manner 
described above. 

In the presence of thiocyanates, a longer time must be allowed 
for the blue colour to appear after the iron salt has been applied to 
* the strip of ^Iter paper. -The blue colour will appear, if ferrocyanide 
is still present, gt the outer edgp of the red ferric thiocyanate 
coloration. * ' 

If much thiocyanate is present, the exact end-point is difficult to 
observe, and it is acivisable first to preapitate the ferrocyanide as 
Prussian blue with ferric chloride or iron alum solutjon, filter and wash, 
decompose by a sqjution of potasjiunj hydroxide, djlute to a definite 
volume, and filter. A treasured volume of tjie filtrate- « then taken 
for tgtration. 

^ Estiniation as Hydrocyanic Acid.—The cyanogat contents of a 
ferrocyaijj,de cannot wholly ba converted itito hydrocyanic acid by 
distilling the ferroSyagJ^e solution with a dilute acid. From alkali 
> J. Sou Chtm. Ind., igi9, 29 , JI9. ■ 
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metal ferroqyanides only about 1 ;^ per cent, can be obtained as 
hydrocyanic^ acid, the remainder being precipitated as ferrofts alkali- 
metal ferrocyunide;— 

2 Na^Fe(CN), + 3 H 2 SO, - FeNa 2 Fc(CN)|. + eilCN 3 N 4 SO 4 . 

The insoluble ferrous ferrocyanjde niay be slowly decomposed on ' 
boiling with ^ -dore edreentrafed ’,acid, but it ‘s impossible to adopt 
this reaction as a.method of estimation; the time taken would-be too 
long and some ok *-,116 liydfocyanic acid would be decomposed by the 
strong mineral acid* present with formation of ammonia and formic 
acid. Any oxidation of the ferrous ferrocyanide—which would be 
difficult to avoid—would result in the formation of the blue ferric 
compound which would remain undecompOsed by the acid. 

The difficulty of the cornplctd decomposjtion of ferrocya'sidos into 
hydrocyanic acid has been overcome in the two methods described ■'in 
detail below. 

Distillation ivith acid in the presence of Cuprous Chloride .—This 
method, which lias been worked out by H. E. Williams,' is based on. the 
catalytic action of cuprous chloride. A small quantity of this salt 
added to an acidified solution of a ferrocyanide forms cuprous cyanide 
on boiling. This comjjound fs then readily decomposed by the acid 
into hydrocyanic acid with regeneration of the cuprous chloride which 
attacks a further quantity of ferrocyanide. These reactions take place 
alternately until all the ferrocyanide has been decomposed and the 
hydrocyanic acid driven off with the steam. 

A volume of the solution containing about 0-5 g. of the ferro¬ 
cyanide is measured into a distilling flask of about 350 to 400 c.c. 
capacity, and diluted to ICX) to 150 c.c. with distilled water. o-l g. of 
cuprous chloride is weighed out, washed with a little dilute sulphuric 
acid to remove any basic cupric chloride that may be present, the 
residue dissolved in a few cubic centimetres of a saturated solution of 
sodium or potassium chloride, and added te the ferrocyanide solution 
in the distilling flask. The flask is then agitated gently, 50 c.c. of 
4W sulphuric acid is added, and the mixture distilled. The flask is 
connected to a condenser, to which are attached two absorption flasks 
containing a dilute solution'’of sodium hydroxide. 

After distilling for a short time, the white precipitate which is 
at first formed changes* to light blue and then gradually disappears, 
leaving the sslution'cleap When this stage is reached, the distillation 
should be continued for a shor-t time longer to drive off the last traces 
of hydrocyanic acid. The absorption flasks are then disconnected 
thoroughly washed out into a titratio.i beaker, a few drops of a IC 
per cent, solution of potassium iodide added, and the solution titrate'! 

^ ^ J. tSoc. them, Ind. 1912,31,315. 
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with standartl Njio silver nitrate sj^Aition as described in tfee estimation 

of cyanides on p. 624. ^ 

I c.c. of Nj 10 AgN03 “ 0.0070623 g. ferjocyano^cn Fe'^(CN)|| 
or%).oo5^4S g. Fc "[l’'c(CN),l,, or 0.01227 g. K,Fc(t:N),i. 

* _ This method may be applief| to any of the soluble or sparingly 
soluble double salts of the alkali pr alkaline«e'arth fcX^cyifliides, also 
to the fresltJy precipitated insoluble fer^opanides, such as those eff 
zinc, cadmium, mangan’esc, nickel, etc., but not t(^<^pric ferrocyanide 
and the ferrocyanidcs of tho^se* mQtals which Would oxidise the cuproul 
ihlaride or form stable double cyanides. 

’The preparation of a .standard .soVition of cuprous chloride has 
bo«n proposed by H. G. Ooleman,’ who »ecommends*thc use of a 
10 pjT cent, solution of, cuprous chloride ir» hydrochloric acid and 
th'J; addition of some strips of copper to maintain the copper in the 
cuprous state. ^ ^ 

Oxidising agents, .sul|)hides, thiosulphates, and thiocyanates should 
be pbsent The ferrocyanide is readily, purified from these salts by 
precipitation Vith a ferric salt in acidified solution, filtering and 
washing the preci|:)itatcd blue and decomposing it with a 5 per cent, 
solution of sodium hydrexjde, again filtering and washing, and then 
adding the filtrate to the distilling flask. 

This method r^f jerrocyanide estimation is both simple and accurate, 
and is rapidly replacing the heavy metal precipitation method in 
technical practice.'-^ 

Conversion into Mercuric Cyetnidc and Distillation with an Acid ?— 

In this method the ferrocyanide is first converted into mercuric cyanide 
and the letter body-distilled with dilute acid. The evolved hydrocyanic 
acid is absorbed in alkali hydroxide solution and the cyanide formed 
titrated in the usual manner. 

« 

, ■ A measured quantity of the solution containing about 0-5 g. of 
the ferrocyanide is diluted to 150 c.c. with distilled water, 10 c.c. of 
N\\ sodium hydrcvxickxsolution addad, and the mixture boiled to decom¬ 
pose any insoluble ferrocyanide that may possibly be present. ' After 
about ten minutc.s’ boiling 15 c.c. of a 30 per cent, solution of pure 
magnesium chloride solution is added. I'fii.s addition must be made * 
gradually and with constant agitation to prevent th| formation o^clots 
of magnesium hydroxide and to .obtain the precipitate in as fine a 
state of division as possible. This mixture is again boiled»then 100 c.c. 
of Nd\Q mercuric chloride is added and the boiling continued for a 
% • • 

' f. Soc. Chtm. hid., 1918, 37, 323T. , ’ • 

• M, G.* 1 »olemin E. W. Yoeman, J. Soc. Chtm. hid., 1918, 37, 32aT ; P. E. 
,,^ielmann and H. Wood, 38, 43T. 

a W. Feld,/. GMclnichl., 1903, 46 , 365 /• Soc. CtHm. Ind., I903»22, 1068. * 
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further fiftee^ri minutes. The wholh^of the ferrocyanide iS thus decom¬ 
posed and fhe cyanogen remains combined with the mercury as 
mercuric cya'pide. , 

The resulting mixture'is placed in a distilling flask and 25 c.c. of 
5A^ sulphuric acid added., The flask is fitted to a'contfenser which 
is connected to two absorption flasks containing dilute sodium hydroxide. 
The liquid i^.then geptly dj.stiKed until the mercuric cyanide i? 
decomposed and the whole of the hydrocyanic acid driven ov.pr into 
the absorption fts.\ks. Thl-' absorption flasks'are then disconnected, 
the liquid thoroughly wished out into & titration beaker and titrated 
with A710 silver solution in the usual manner after adding a Ijttlt 
potassium iodidg solution! ^ ^ 

This process has been,studied by F. VV. Skirrow,^ who states^tliat 
inaccurate results are obfaineJ due'to appreciable losses in thepijeliqjinary 
operation, but on the other hand H. G. Coleman - has found the process 
to yield theoretical results. In the author’s experience accurate results 
may be obtained if the method is pdrried out exactly as described 
above, but that errors occur if the details of the method are not very 
carefully observed. » 

ExAMIN.\T[ON of COMMFRCI.tL Ff.KKOCVA’NIDKS 

The impurities likely to be met with in commercial salts are 
sulphur compounds, chiefly sulphates and thiocyanatgs from the mother 
liquor enclosed in the crystals. 

In the precipitation of the ferrocyanide by the chloride of a heavy 
metal, the precipitate is so bulky and difficult to wash that only 
a small quantity of the ferrocyanide can be examined in this manner. 
The following method, however, will be found quite serviceable, the 
greater part of the ferrocyanide being first removed as a sparingly 
soluble crystalline double salt. 

Ten g. of the sodium ferrocyanide is dissolved in 60 c.c. of water; 
a small excess of a strong solution co.ntaining magnesium and 
potassium chlorides in equivalent proportion added, and after boiling 
for one to two minutes, the crystalline potassium’ magnesium ferro¬ 
cyanide filtered off. The filtration is rapid and the precipitate easy to 
wash. As the filtrate still contains a little ferrocyanide, a slight excess 
of zinc chloride is added and the precipitate filtered off and washed. 
This precipitate i? comparatively small in amount, and easily washed. 
In- a measused porfion of the filtrate the sulphate may be estimated 
by barium chloride in the well-known manner; and the thiocyanate 
in another portion cither colorimetrically or by precipitation as th€' 
cuprous salt, which is thoroughly washed, decomposed ^ sodium 
hydroxide, and titrated with JV/io AgNOj,. '■ 5 , 

* Chem. 1 )J., 1910, 29, $'19. * Analyst, I^iO, 35, 295. 
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In the ftxamination of potassium ferrocyanide onl}^ magnesium 

chloride.need be added to precipitate the double salt. With calcium 
ferrocyanide the bulk of the ferrocyanide may bc.removfed by boiling 
with an excess of potassium chloride, the’ferrocyanide separating as 
the sparingV soluble potassium calcium ferrocyanide. ./ftl Teagents 
I added must of course be tree fitim sulphur compoun 3 s. In the examina- 
,tion of Prussian blue ii^mbined arnihoiya should be hy^ed ^or as well 
as the combined alkali metals’ sodium and potassium. Many blues 
on the market to-day’contain combinecl^aJnmoni^^ in place of the 
potassium of forjne? tiihes. 'F&r further details' of the examination 
t)f Prussian blue see the Section on “Paints and Pigments,” Vol. II. 

FElMilCYANIDES 

• The. ferricyanides'afe usually prepared by the oxidation of the 
ferrocyanfdes, and a number of oxidising agents have been proposed 
for this purpose. In the preparation of the potassium salt it is usual 
to pass chlorine through the ^solution of.potassium ferrocyanide, and 
to separate the potassium ferricyanide by crystallisation from the 
potassium chloride, formed by the reaction. ” 

Detection. — R. solution of ferrous sulphate 'added to a neutral or 
acid solution of a ferricyanide produces a deep blue precipitate 
(Turnbull’s blue),,thus distinguishing it from the ferrocyanide which 
gives only a bkiiMi-white precipitate. With a solution of a ferric 
salt only a brown coloration is produced by a ferricyanide; if a small 
quantity of ferrocyanide is also present a green precipitate is formed. 

Estimation of Ferricyanides.—These confounds are reduced to 
fefrocyanidcs and the latter estimated by any of the methods previously 
described. The reduction of the ferricyanide is best effected by making 
the solution alkaline and reducing the ferricyanide by the addition 
of certain metallic hydroxides, such as, for example, ferrous, manganous 
or cobaltous Jiydroxide. The reaction with ferrous hydroxide may be 
expressed thus:—, , . , 

2K3Fc{CN), + 2Fe{OIl).+ 2KOII = 2KJ'e(CN)„+2Fe(On)3. 

A number of special incthods have be(?n ])roposed for the direct 
estimation of ferricyanides, but none of these possess any advafltage 
over the general method given above. * * 

A solution* containiitg about 0 5 g. of ferricyanide vs diluted, if 
necessary, with distilled water, made alkaline with sodium hydTbxide, 
%nd a*n e!tcess of ferrous or manganous hydroxide addad. The solution 
is warmed to complete the rsduction, filt#ted, and the precipitate 
tfc(Jro*»ghIy* washed.* The filtrate may then be titrated with standard 
‘zinc or copper sulphatc's'olution, or put into a disti]ling flasljt acidified 
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with an exc;ess of dilute sulphuriif ^add, o i g. x:uprous chloride added, 

the mixture,distilled, and the estimation completed as described for 

ferrocyanide^on p. ^36. 

I c.c. J^jio AgNOj 0.01097 g. K3Fe{CN),., or o.oo7a''i3 g./Ye' ^CN),,. 

Mixtures of Fe'rro- and Ferricyanides.—The reaction of a ferric 
salt cannot l 5 tet. ased as a m^ana ‘of separatirg the two classes of 
compounds. In the presence bf t’he''two iroi: cyanogen compounds, 
the precipitated pjorocyal'iiie contains a considerable proportion of the 
ferricyanide. If the ferrityanidc is in'la.gc e^ces.^,, a.green precipitate 
of a ferric fcrroferricyanidc which contains both ferric ferrocyanide and 
ferric ferricyanide in a siniple molecidar proportion, is formed. 

A convenient method' of .separation which depends on the different 
reaction of the two zinc saKs in the presence of an excess of sodium 
carbonate is described below. Sodinm carbdiUite is added in excess^to 
the solution containing about i g. of the mixed iron cyanogen compound. 
An excess ofVeccntly precipitated piif'e zinc carbonate is then added 
and the mixture warmed and agitated. The whole of the ferrocyanide 
is precipitated as a double zinc sodium ferrocyanide, while the lerri- 
cyanide remains in solution. The mixture is then filtered, and the 
precipitate thoroughly 'wa.shed. The filtrate, which contains the whole 
of the ferricyanide, is reduced by the addition of one of the metallic 
hydroxides mentioned above, again filtered and washed, the filtrate 
neutralised with dilute sulphuric acid, distilled with cuprous chloride 
and sulphuric acid, and the cyanide titrated w’ith A710 silver solution 
as described on p. 624. The original precipitate, which contains the 
whole of the ferrocyanide as the insoluble zinc salt, together with the 
excess zinc carbonate, is added to a distillation fla.sk, together with the 
paper, and the whole distilled with dilute acid and cuprous chloride. 

If the original solution contains other salts likely to interfere with 
the subsequent reactions, th'e two iron cyanogen compounds are pre¬ 
cipitated together by adding an excess of zinc sulphate qj- chloride to 
the acidified solution, which is then filtered ,and washed from the 
contaminating salts. The mixed precipitate is tlien digested in an 
excess of sodium carbonate solution. The ferricyanide of zinc is 
decomposed and passes into solution, whik the ferrocyanide remains 
unattached. The .separation is then effected as described above. 

One C.C. of AV'io AgNO., = o-oioo? g. K,Fe(CN).. or 0 -OI 2277 g. 
K,Fe(CN), nr 0.0670633 g.Fe(CN), 

Th'€ two salts may also be separated by the method of Browning 
and Palmer,^ which is based on the fact that while a cadnfium saP 
precipitates both compotmds, a thorium salt precipitates only the 
ferrocyanide. The solution containing the two salts is acidified'with 

^ H. E.®\VilUams, Cyt xnogen Compou^ih, p. 380. Z, anorg. Ckyn.^ 1907, 54, 315. 
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dilute h^dreJchloric or acetic acid^d the ferrocyanide pjjpcipitated by 
the addition of a slight excess of thorium nitrate, and the ferricyanide in 
the filtrate precipitated by the addition of cadmium^ chlorjSe. 

If the solution of the two salts is free from other oxidisable matter 
or organic ntattcr.^the ferrocyanide may \>e estimated by a 3 irect titra- 
> tion with standard' permanganate solution. The resulting solution 
js then reduced by fi^rrous or martgajous hydroxidt^^^flie precipitate 
filtered off and thoroufjjily washed, and the filtrate a^ain titrated with 
permanganate solution.* Jf the number of*dc.Iof pej^^nganatc solution 
used in the first.operatibn art; fleducted froifi thtfnumbcr obtained i« 
4 he,second, the equivalent of the ferricyanide is obtained. 

,pne c.c. of A 7 10 permanganate solution =?0'03683 g. K^Fc(CN),. or 

o-Q,^2g g. K,Fc(CN)8. * 


"MITROFliRRICYANIDES ^(NITROPRUSSIDES) 

• • 

These salts are prepared by th’' action of nitric acid on ferro- or ferri- 
cyaijides. The chief representative of thesq compounds is the sodium salt 
Na2Fc(CN)5N©.2lT.^O which crystalli.ses well in fine ruby red crystals. 

Detection. —The.addition of an alkali sulphide to a solution contain¬ 
ing a nitriferricyanidc pi>ocbices a deep violet coloration. This test is 
very characteristic and sensitive, but the coloration is evanescent. 
Heavy metals irt i^Jution, which produce dark coloured sulphides, must 
be removed or the coloration will bo masl^fed. 

Estimation of Nitroferricyanides.—The most convenient method 
is to boil the solution with sodium hydroxide, when the whole of the 
cyanogen is converted into ferrocyanide according to the following 
equation g— 

36 Na,l'e(CN) 5 NO + 83 NaOH 

3oNa,Fe(CN)s + sFe.Oj -f^sNaNO, -H NHg + 4oH.p. 

The ferrgeyanide, wliiqji is formed quantitatively, is estimated by 
any of the methods described under the section dealing with ferro- 
cyanides, pp. 630-638. 

A volumetric process for the direct titration of nitroferricyanide 
has been described by Fo::zcs-Diacon and*Carquet' as follows:—An 
excess of a solution of cadmium nitrate is added to a known volume of 
the nitrofcrricyanidqsolution, the precipitated cSdmiifm nitroferricyanide 
filtered and thoroughly w 4 ishcd. llie precipitate is*thcn di.isolved in an 
excess of ammonia and titrated with a stan 3 ard solution of "khdium 
•ulphlde? A slight excess of sodium sulphide, after allihe cadmium has 
been precipitated, produces the iharacterisfic violet colour with the 
aelVibTie nitVoferricytfliide which indicates the end-point. 

‘ Bull. Sit. Chtm., 1903 [3], 29, 636 ; J. So» Chem. tnd., 1^03, 22, 883«* 
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THIOCYANATES ’ 

The thiocyanates may, be prepared by several synthetic reactions, 
the mosj: ifnportant of which, is the process of Crow'^her, Rossiter, and 
Hood,* in which amraoniS, carbon disulphida, and calcium hydroxide 
are heated u'^der pressure in an autoclave, when the following reaction 
takes place:—^ • ■» 

2 NH 3 + iCSi+ 31:3^011), = Ca(CNS), + Ca(HS )3 + 4H,0. 

The bulk of the thiocyanate of Qommerce is, hovvover, recovered in 
the purification of coal gas. When the gas is passed through a solution 
of calcium or sodium polysulphidc, the following reaction between the 
polysulphide knd the hydrocyanic acid in die gas takes place;— 

Na,,S,-, + 2HCN = 2NaCNS-f‘H,,? + S,. 

This process had a number-of disadvantages and was considerably 
improved upon in the method of P. E. Williams,'* who glasses the crude 
gas through specially constructed purifiers containing moist s.pent 
oxide of iron. The hydrogen sulphide and ammonia of the crude gas 
condense in the moisture on the surface of the s{ient oxide forming 
ammonium sulphide solution, which immei,liately dissolves sulphur and 
forms a layer of ammonium polysulphide solution on the surface of each 
particle of oxide. As the gas passes through t);p moist oxide the 
hydrocyanic acid is dissolved by the surface layer, and reacts with the 
polysulphide to form ammonium thiocyanate;— 

+ HCN + NHj = (NH JCNS + (NII,)2Sj. 

The oxide is sprayed from time to time with water or weak liquid 
from a previous operation to remove the thiocyanate formed and to 
keep the oxide moist. 

Detection .—The most characteristic test for a thiocyanate is the 
deep red coloration produced by the addh:ion of a fcrr.'c salt to the 
neutral or acidified solution. In t:jsting for very _small traces, colourless 
ferric nitrate should be substituted for the chloride or sulphate. As 
mercuric chloride discharges the red colour, mercury salts must be 
absent when applying the test. The coloration Boes not take place in 
the presence of excess of oxalic acid, nor, unless acidified, when a highly 
basic ferric salt is used. In very dilute solution^ the best method of 
applying the-test 'is to acidify the solution, add the iron salt, and 
shak6’’ with’ a small quantity of ether. The ferric thiocyanate, which 
is more soluble in the ether than in the water, appears in thd etTiereii 
zone at the top of the liquid. < 

A second characteristic test is obtained by adding a soluVioii of 

' B. Pi f 7846, 23 nd<September 18^3, and 21451, 1893. “ B. P. 23604, 1909. 
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cupric cnloride or sulphate to th^isolution to be testedf and then a 
reducing agent such as a solution of a sulphite, bisulohite, dilute 
sulphurous acid or sulphur dioxide. A ver^ finel)4 divided precipitate 
of white cuproitf thiocyanate is prodjaced in the presence of a 
thiocyanate. * 


Gener'x Methods ot Estimation' 

* . • * ^ 

The determination of/ithioc)^nate is ususrtly ca,<Tied out by titration 
^ith standard silver nitrat^: solution, but it may also be done by 
converting it into the copper salt and estimj.ting the copper contents 
of tflt precipitate, or by treating w^thtin wxidising agent and estimating 
tht'' •mount of oxidising agent used or "the amount of sulphuric 
acid ibrnted by the jx^diition o/ the sulphitr of the thiocyanogen 
radicle.-^ 

a. TitratioH^^ith A 7 io Silver Nif rate {VoUiarcts Ji^cthod). —This 
method is based on the reaction of silver nitrate with a soluble thio- 
cyaivite in neutral or nitric "acid solutipns, whereby iiusoluble silver 
thiocyanate is*precipitated. The end-point is determined by adding 
a few cubic centimetres of ferric alum,/crric sulphate, or better still, 
ferric nitrate .solution to The liquid before titration. The silver solu¬ 
tion is then run in until the red coloration of ferric thiocyanate just 
disappears owii‘ig»'.‘;o the precipitation of the thiocyanate by the 
silver salt. 

A measured quantity of the solution containing about o-2'-j g. 
thiocyanate is placed in a conica' beaker of 300 c.c. capacity and 
diluted to 100-150 c.c. with distilled water, y alkaline, the solution 
is neutralised with dilute nitric acid (i : 1), 10 c.c. added in excess, 
followed by 5 c.c. of a 10 per cent, solution of ferric nitrate. Decinormal 
silver nitrate solution is slowly run into the mixture from a burette 
, until all the thiocyanatf is just precipitated, this point being clearly 
indicated by 4 he total disaitijcarance of the red coloration of the ferric 
thiocyanate. The .end point is mor* sharply defined if the colourless 
ferric nitrate is useci. 

The titration should not be performed ragidly, but the silver solution 
added slowly and the precipitation beaker agitated by giving it a 
gentle rotatory motion with the hand. If thc^prcci^itation has taken 
place too rapidly, «ome of the tjiiocyanate solution is occluded in 
the clots of insoluble silver thiocyanate. Q|i sfandidg -for a short 
time,,with occasional stirring, any thiocyanate so occluded "will (diffuse 
8ut and colour the liquid with a, reddish tinge. Fot this reason all 
titratlons.^ould be left at least fiTie minutes after the first disappearance 
^the red coloration, and subsequently corrected if necessary by adding 
more silver solution. 



644 CYANOGEN ^COMPOUNDS '' 

All chlorides or other compotli^ds capable of forming a\ilver salt 
insoluble in, cold dilute nitric acid must be absent. In the' presence 
of these imparities,the thiocyanate is separated as the insoluble cuprous 
salt as described below, washed, decomposed by boilipg w^ith an excess 
of sodium hydroxjidc, again filtered and {he precipitated cuprous 
hydroxide'washed. The filtrate is,then'neutrali>.ed with diluted nitric" 
acid and Vitrat^ d as described., ', / 

Njio mercuric nitrate rnay be subsjitute/ for iY/io ^silver, nitrate 
solution, and th.'2'',writer h*as found this mefhod very convenient and 
accurate; and as the thiocyanate pf mercury is [xccipitated in the 
crystalline form, the occlusion of soluble thiocyanate in the precipitafe 
is avoided. Cyanides, chlorrde.Sf bromides, iodides, or any salt which 
forms a non-fonisable mercuric compound in nitric acid solution,,•^ust 
be absent. The .solution is not,'nowevcr, sp conveniently standardised 
as the N/lo silver nitrate. 

Scparatio 7 i as Qiprous Thiocyanate .—If the thiocvana'te solution 
contains other salts capable of yielding a precipitate with silver insoluble 
in dilute nitric acid, it must; be separated from them by precipitation 
as the cuprous salt. A solution containing not morel than i g. thio¬ 
cyanate is acidified by dilute sulphuric acid and sodium bisulphite 
added, followed by ah excess of cupric,sulphate, 'it is warmed to 
40° to 50° and left to stand a short time. The precipitate is filtered 
and washed with water containing a small quantity of potassium 
sulphate in solution, to prevent the copper salt Irom passing through 
the paper in the colloidal form. When tlioroughly washed, the 
precipitate, together with the filter-paper, is placed in the beaker in 
which it was precipitated and 100 c.c. of a 5 per cent, solution of 
sodium hydroxide (chlorine-free and purified by alcohol) added. The 
mixture is gently heated to boiling, and stirred to break up any clots 
of the cuprous thiocyanate. The solution is then cooled, filtered, and 
filtrate and washings made up to a definite volume. A portion of^ 
the solution containing about 0 25 g. thiocyanate is ijicasured into 
a beaker, neutralised with dilute .nitric acid, kpypipg the solution cool 
by running water if necessary, an excess of the tlfiute nitric acid and 
the iron salt indicator added, and the solution titrated with W/lo silver 
nitrate as above described. 

In place of the acid and sodium bisulphite as a reducing agent 
for the cupric s^lt, sulphur dipxid,e gas may be ljubbled through until 
the solution is satifrate^ with it. Ferrous sulphate shduld not be used 
as aTeducing agent, for the reaction 

M ' If 

2CuSOj + 2l'-eSO,H.2NaCNS =;!. 2CuCNS + Fc 2 (S 0 ,) 3 -(-Na 2 S 04 

*, o. 

is a reversible one and requires large exces.tes of ferrous and cup»'.c 
sulphaterbefore iSie reactioii' from left to right approSches completion. 
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Large e^esS of salts trv solution glides rise to fnaccuraciq^ and should 
be avoid id. 

In the presence of ferrocyanides a preliminar;^ precipitation with 
ferric or zinc sulphate is necessary, the thiocyanate being then 
precipitated by t?ie copper and reducing'agjnt in the filtrafe from the 
(insoluble ferrocyanft^p. *ChlcJrides or bromides are removed in the 
titrate from the coppeJi thiocyanate^but^iodide^s Inust ^c^ibsent or the 
thiocyanate precipitate ^vill be contaminated with cuprous iodide. ' 
A method of estimating thiocyanates aJJdingiK.standard solution 
of cupric sulphata to the'tliioffycfnate solutioil con?aining the reducing 
ftgeijt has been suggested. ‘The end-point is noted by the formation 
of ^ brown coloration when a drog of the* clear liqpid is tested on 
a,^hite tile with a drop of ferrocyanide^solution. "Phis end-point, 
however, js not sharp, and quite an* apprecialjlc excess of copper is 
requiret^to produce d detectable* colour by the drop reaction. The 
method i^ thej'cfore not recommended for accurate work. 

h. Oxidation^}’ Nj 10 Fermafiganate .—This method eftpends on the 
oxidation of the sulphur of .the thiocyanate to sulphuric acid, with 
liberation of hydrocyanic acid according to the following equation :— 


SKCNS + i2lI,S04 + 6RMnCL- i iKHSO,, + OMnSO^ + 5HCN + qlip. 

A .solution containing oi—0-15 g. of the thiocyanate is placed in a 
large porcelain* dish, considerably diluted, neutralised with dilute 
sulphuric acid if allAilinc, and an excess of 50 c.c. of 10 per cent, acid 
added. Dccinormal permanganate is then run slowly in from a burette, 
.stirring the solution the while, until the first appearance of a faint pink 
tinge. One c.c. of A’/io permanganate solution =0-001619 g. KCNS 
or’o-ooopGS g. CNS. 

For standardising the permanganate solution pure cadmium 
thiocyanate should be used. This salt is sparingly .soluble, easily 
prepared, crystallises in well-defined crystals, and is anhydrous and 
non-deliquesjent. * , 

It has been shown by Grossmann and I loiter' that only about 95 per 
cent, of the thiocyanate is oxidised by the permanganate in accortiance 
with the reaction expressed above ; and Schroder- states that the time 
taken for the titratioft is a.i important pomt, and liable to give rise 
to variable results. To eliminate these errors as much as possible, the 
permanganate solution should be standardis?d against a pure thio¬ 
cyanate and flie same ‘conditions o^ working acfiiered. to in the 
subsequent titrations. • *’* 

• This Tnethod can only be applied to the titration ef comparatively 
pure thiocyanate, which must of gourse be freS from any other oxidisable 
m^te.. iftsoluble rtiiojyanates may be estimated by first converting 
‘ Chtm. ZeM, 1909, 33! 348. • Z. ngmtl. Chtm., 15, 
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them into soluble tliiocyanate 1,3^ boiling w'th a dilute s^tion of 
sodium or potassium hydroxide. 

In the prV^ence^^of a metallic base soluble in the alkali hydroxide, 
such as zinc, ammonium sulphide is substituted for the hydroxide, and the 
filtrate f,om the insoluble ^ulphide evaporated to dr^nes^ on the water 
bath to remove the ammonium sulphide compl?^ely. The residue isc 
redissolved in'^jy^little w>ater, filtered if necessary,/ind estimated by JVjiQ 
silver nitrate solution. Estimation by perman/,anate is inadmissible if ' 
a sulphide has bemused',to*-femove the metallil; base. 

Estimation of tface» of Thiocyanktts.—The cstwnation of a very 
small quantity of a thiocyanate is usually harried put by matching, tht 
colour produced by adding an mon salt with that produced by a stan^dfird 
dilute thiocyanate solution treated in a similar manner (c/. p. 453). j 

The solution to be tjpsted is put into a Nessler glass, aci<jifief( with 
dilute nitric acid, 2 c.c. of ferric nitrUte solution' added, and the whole 
diluted to a definite volume with distilled water. The colour is then 
matched by the method of guess an4 try with a stand|rd solution of a 
thiocyanate, the same reagents being added and the solution diluted to 
the same bulk as the sample to be matched. 

If the colour of the standard is too weak or too strong, more or less 
of the standard solutioh is taken and treated and com|jared in a similar 
manner, until the colour of the standard and the sample exactly match. 

The following points must be observed in this method. The solution 
of the sample to be estimated should be free fro'm colour, and ferric 
nitrate solution should be used as the iron salt. The same amount 
of iron salt and acid .should be added in each case, as the reaction 
Fe{N03>3 + 3KCNS ^ l''e(CNS)3 + 3KNO3 

is a balanced reaction, and the colour depends on the concentration of 
both iron and thiocyanate. Mercuric salts and oxalic acid prevent the 
reaction and should be absent. 

For very small traces the estimation may bt carried out by shaking ' 
the solution treated as above with ether in a stoppered graduated 
cylinder and matching the colodr of the ethire^l layer against a 
standard treated in a similar manner. 

( 

• Commercial Thiocyanates 

The chief thiocyanates of commerce are the aluminium, ammonium, 
barium, calcium, cuprous, potassium, and soditim salts. 'The impurities 
to beTooked for in the soluble salts are chloride, sulphate, and thiourea, 
the latter more vjspccially in the ammonium salt, particularly if it if 
made from thiocyanate gas liquor. • , . , 

I. Sulphate and Chloride.—The sulphatf js Readily estimated 
precipitatipn with barium chit ride in the usual 'manner* The chloride. 
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howevenfcamiot be directly estimated, The*bAt method is to dissolve 
half a g'am in $0 c.c. of distilled ^ater in a tall straight*sided beaker, 
add 5 C.C. of nitric acid (sp. gr. 1-42) and gently heat to thjfboil. As the 
solution becomes warm, oxidation of sulphur tal<es place vigorously 
with evoluti*! of hydrocyanic acid and Aitrogen oxides. At times the 
, action is violent aftc^t iS as well to cover th*e beaktr with a watch-glass 
,fo prevent losses by s{?urting. ThSioparation should ba-PerJprmed in a 
draught cupboard. W^hen the Aoxidatfon is complet/ and the' hydr(». 
cyanic acid* driven off> excess of ammdlva«is ad^Al and the liquid 
evaporated to dr;^nejs in*the water-bath. Aj'ttle’distillcd water and 3. 
few drops of a 5 per cent, setution'of potassium chromate are added and 
the chloride titrated with A710 sil.ver nitrate iolution. 

„ 2- Thiourea.—The best methotf foT- the estimafian of thiourea 
depeJijJs jon the desulphiding action of sifver nitrate in ammoniacal 
solution:— • . • . * 

, (NHo).,CS ■k^’^gNOj + 2NHjOH^Ag,TS + 2 NH„N 03 + H.,CN.3 + 2 H., 0 . 

Unfortunately, a large excess of thiocyanate greatly* interferes with 
the reaction, ^nd it is necessary to remove the great bulk of the 
thiocyanate, beforq carrying out the test, by dissolving a weighed 
quantity of thefsalt in v^ater and precipitating the bulk of the thio¬ 
cyanate by a slight excess of lead acetate. The precipitate is filtered 
and washed. 'Che exce.ss lead in the filtrate is then removed by adding 
an cxce.ss of sodiurh carbonate and again filtering and washing the 
precipitate. This filtrate is then greatly diluted, made strongly 
ammoniacal, heated, and A^io silver nitrate run into the hot 
solution drop by drop. Black silver sulphide is precipitated by the 
thiourea, and the addition of the silver solutitfn is continued until no 
further precipitation of silver sulphide takes place, 'This point is quite 
readily observed as the silver sulphide clots in the hot alkaline solution 
•and rapidly settles. One c.c. N/'lo AgNO; = 0'0038 g. thiourea. 

A small guantity of*thiourca does not interfere with the titration of 
the thiocyanate b^ Nlio AgNO^, but large quantities very seriously 
affect the results.* • 

Cuprous thiocyanate finds a use as an antifouling composition for 
ships’ bottoms, and Should contain but it very small proportion of , 
impurities. These will, of course, vary according to the method 
of manufacture and the impurities of the origtnal tliiocyanatc solution 
used. Moistuft;, soluble Salts, copper sulphide, free «u 1 phur, and possibly 
organic matter should be looked for. * . *’ • 

t 'l*he Vioisture is estimated by heating a weighed q^iantity to icx3° C. 
in a water-oven until the weight is con.staftt. The heating has no 
kifluLnce cJn the cuptous thiocyanate, which is stable at a much higher 
■ temperature. , 
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The soluble wZ/j', whVcli will usijdlly consist of sodium* chloride or 
sulphate, may be obtained by treating lO g. of the salt with distilled 
water, boilingf^filtering, and diluting the filtrate to a definite volume. 
Chloride and sulphate are determined in aliquot parts. Soluble 
thiocyanstefs and free acid should also be tested for. '' 

The insqluble inlpurities may be obtained'together by dissolving , 
5 or 10 g. qf tl^t salt in excess of a rr,6derately stnjng solution of sodium, 
or potas'sium thiocyanate'when the cuiirous thiocyanate will pass com¬ 
pletely into solutian. Ai^i.Zesidue is filtered off through a weighed 
Cooch crucible comainj'vg a filter Of -asbeSitos,' wjshed first with 
thiocyanate solution until free of cuprous 'thiocyanate and then with’ 
distilled water. The crucfole is then ^ried to constant weight. ,,, 

Any free sulphur present in the insoluble matter may be estimated b;' 
extracting the dried filter wKh carbon disulphide into a weiglied,flask. 
The solvent is then evaporated off, the flask hbatetl in an oven to ino° G., 
dry air passed through to remove, solvent vapour, and the fla'sk cooled 
and weighed.' Copper sulphide can ^be determined "liy boiling tHe 
residue with nitric acid, and the copper determined as cupric oxide 
in the filtrate, or if the amount is very small, by colorimetric methods. 
Impurities insoluble in acid maybe determined by dissolving a weighed 
quantity of the salt in hot 'dilute nitric jcid and- weighing any 
residue. The presence of copper sulphide and organic matter degrades 
the colour of the .salt, but sulphur is more harmful^ as it is liable to 
oxidise to sulphuric acid. ^ 

The thiocyanate may be determined by decomposing a weighed 
quantity with an excess of a 5 per cent, solution of sodium hydroxide 
or carbonate, gently heating for some time and stirring with a glass 
rod to break up any lurnps. After filtration the filtrate and washings 
are diluted to a definite volume and a portion titrated with A'/io silver 
nitrate solution. The results obtained by this method are liable to 
be low, for a number of reasons not yet fully elucidated, and the • 
determination of the copper by any knov\n 'method is,,more to be 
recommended. ,, 


CYANATES 

The alkali metal cyanates are usually propared'from the correspond- 
ing cyanide, by oxidising the fused salt with a metallic oxide or oxidising 
agent, such as man^anesfe dioxide, red lead, or potassium bichromate. 

The cyanates of the alkali and alkaline earth metals^are soluble in 
water,''tJut those of the heavy metals are mostly insoluble and possess 
no characteristic colour. ' f 

Cyanic acid may be pfrepared in' tbe anhydrous condition, but in 
aqueous solutions it rapidly decomposes. In poa'centrated' solatiobs-^ 
some cyaamic acid js formed by polymerisatioil of nork ionised cyanic 
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acid, buWn dilute solution it takes the elemefits of water, and rapidly 

and completely decomposes into a<nmonia and carbon dioxide. 

Detection. The most characteristic test is the formatirti of the very 
sparingly solubfe potassium cobalt cyanate.* The ‘solution is acidified 
with acetic i»cid *and a solution of a cdbalt and of a pot*ssium salt 
,added; the formafic^^of'smaU deep blue crystals ihdicate the presence 
^ot a cyanate. \ * 

’ In the presence of^cyanide^ carbon dioxide musf first be passed 
through the* liquid until all the cyanide^ is dccffnposed, and the 
potassium carbopato removed* by filtering^ afttr the addition ol 
95 per cent, alcohol. The* te.st ‘described above is then applied to 
the^ filtrate. , • 

festimation of Cyanate<S.—The ^method proposer! by Herting* is 
basifl on the decomposition of cyaaic aeicl into carbon dioxide add 
anjmojiia:— . «• . 

HCN 0 + H.p=-€ 0 , + NH,., 

• 

A measured*quantity of thq solution,containing o-2 to 0-5 g. cyanate, 
is acidified wi^h dilute sulphuric or liydrobhloric acid, and the solution 
boiled for half an hour, when the reaction expressed by the above 
equation is complete. The solution is then transferred to a distilling 
flask, an excess of sodium Hydroxide solution added, and the mixture 
dLstilled through a condenser into a measured volume of standard 
sulphuric acid. *'* 

The excess of acid js titrated with standard alkali, using methyl 
orange as indicator. Each cubic centimetre of vV/io acid neutralised by 
the liberated ammonia = o-oo8i g. KCNO or 0 0065 g- NaCNO. 

• The pre.sence of cyanide does not interfere with the estimation, as 
the hydrticyanic acid is driven off on boiling the acid solution. 
Fcrrocyanides or other iron cyanogen compounds, if present, should 
.be removed by precipitating the solution, after acidification, with a 
• ferric or ferrous salt (iRjt iron alum) according to the particular iron 
cyanogen Compound present. If fcrrocyanides arc present, the 
precipitate must J)e ‘added to the ‘alkaline solution in the distilling 
flask, before distilling off the ammonia, as when ferric ferrocyanide is 
precipitated in the [jresence of ammoniurr* salts some of the ammonia _ 
combines with the precipitate. 

The use of potassium hydrogen sulphate ii* plac* of the free mineral 
acid has been «uggested.by Wilbatier.'-* . * . 

Estimation by the Silvey Salt. —This mefhod depends omthe fact 
that*ins«luble silver cyanate is decomposed by hot ^dilute nitric acid 
with the formation of silver and ammonium nitrates and carbon dioxide. 
_• The‘Elution t» be estimated is precipitated with an excess of 

' Z . angnmChtm ., igil, 24, 585. • /t. anal , 1903^42, 77. 
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silver nitrate solution, ‘and the injioluble clotty precipitate silver 
cyanate filtered, washed, and digested for about one hour, with a 
measured quantity of standard nitric acid. 

The silver cyanate is decomposed by this treatment according to 
the following equation:— ' ' ' 

fig(:NO +' 2 HN 03 + 1 I „0 = AgNO' + NHjN^^j + CO,. 

The amount of Cyanate may then be determin^ in any of the follow¬ 
ing ways:— ■ r 

" I. Titration of the 4 'xcess of standard nitric acid with standard 

*. r. 

alkali solution. 

2. Titration, of the s'llve;- nitrate produced, by standard A^/io 

potas/ium thiocy?nate solution,' using ferric nitrate^^ds 
indicator, or by neutralisnig the excess of acid by ammonia, 
evaporating to drive off the free ammonia and titrjitkrg the 
resulting solution with ///lo sodium chloride,jjs'ng potassium 
chromate as indicator. > . 

3. Estimation of the amiponia formed, by distilling into stanejard 

acid, after adding an excess of sodium hydroxide’ as described 
above. ' 

Chlorides, bromides, iodides, or cyanideif do not interfere with this 
test, for although these salts form insoluble silver compounds, and arc 
precipitated with the silver cyanate, they are notA’iccomposed when 
treated with warm dilute nitric acid. Eac,h cubic centimetre of 
jV/io HNO3 consumed =000406 g. KCNO, and each cubic centimetre 
iV/io KCNS or iVjio NaCl consumed =o-oo8ii g. KCNO. 

SPENT OXIDE OF IRON 

Spent oxide of iron is produced in the purification of coal-gas. 
Hydrated bog-iron ore or artificially prepared hydrated iron oxide, 
mixed with peaty matter, sawdust, etc., to make a porous mass which 
the gas may readily permeate, is placed in layers'm. closed boxes called 
oxide purifiers, through which the foul coal-gas passes. The main 
reaction which takes place is the combinatiop of the hydrogen sulphide 
of the> crude gas with the iron oxide to form iron sulphides and water. 
■When all the iron hf.s bent sulphided, the material is removed from the 
‘ boxes and expQsecFho the air to leviVify. The. iron'^is tbu.s^re-oxidised 
with psetipitation of frec'sulphur. When the revivification is complete 
the material is pyt back into the boxes and resulphided. Immotlern^ 
practice revivification is allowed to take^placo in situ. 

The oxide may be used for purification unti^* the percififita^ «£. 
sulphur ii\the mixture rises to^about 45 to 50 par cent.,j/hen it is much* 
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too indft tb be of fyrther use <^s a purifying agent^ and is then 
replaced by fresh oxide. * 

Besides the main reaction mentioned above, a numb(jJ of subsidiary 
reactions also take place between the purifj'ing mixture and the minor 
impurities oT the crude gas, thus:— ‘ * • 

* V ♦ • * • 

1. The hydroc^nic acid in ,the gas in conjunctio;a \vith a little 

ammonia—which is {il\i*ays,» presejit—rcacjs wifli the iron 
sulphide to fkrm ferrous ammpnium ferrqcyanide, which m 
contact with A# air is converted ftit» one, more of the ferric 
or ferrcftoferric an^monimn ferrocyarfides. 

2. The hydrocyanic acid in the presence of ammonium sulphide 

also reacts with the* fr»c ,sulp!iur to form ammonium 

» thiocyanate. ’ < , , 

3. I#i the rcvivificaticjp of the oxide a smtJl portion of the sulphide 
^is oxidised fTrst to ferrous sulphate and finally to a basic ferric 

suli»bat^. ^ 

4. A considerable proportion of tarry matter Js mechanically 

. scrubbed out of the* gas. • 

« 

Thus the spent oxide is a somewhat complex snixturc, containing 
not only the sulphur and the residue of the peat and sawdust mixed 
with the original oxide, but complex fcrrocyanides, thiocyanates, sul¬ 
phates, ammorfia^pyridine, tar, etc. 

The spent oxidb is chiefly of value on account of the sulphur it 
contains for the manufatture of sulphuric acid, and is bought and sold 
on the percentage of free sulphur. When the ferrocyanidc content is 
high enough (over 4! to 5 per cent.), the material is bought for the 
recovery of the fcrrocyanides. Of late years, however, as the ferro- 
cyanogen content of the spent oxide has gradually decreased for a 
number of causes—chiefly the growing use of the vertical retort— 
less of this material is available for fertbeyanido extraction. 

It must, be particularly emphasised that accurate methods of 
analysis are useless if the sampling is faulty. The sample, which 
should be a good Average of the whole bulk, is very carefully ground, 
sifted, and well mixed, and no part of the sample rejected ; any pieces 
of wood, sawdust, oT fibrous material thSt cannot be made tef pass 
through the sieve must be broken up as small as possible, mixed with 
the bulk, and on n<j account throw^n away (sc^also^. 4). 

A full anSlysis of flie spent oxi 3 e is seldom required ; only the 
moisture and sulphur, and sometimes the ferrocyanidc,’ thiocfanate, 
^nd*amfhonia, are estimated. • 

I. Moisture. —Five g. bf th* ffnely-powcftred spent oxide is weighed 
btit itito a’ small welghpd porcelain dish and dried in the water oven at 
100° C. to constant weight. 
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This figur^, however*does not r^'present moisture only, hu^includes 
a small and variable proportion of {iaphthalenc, light oils, and some¬ 
times small qUfintiti^s of ammonia, pyridine, or hydrocyanic acid. The 
figure obtained, therefore, is generally a little in excess of the actual 
moisture" present. On the,otfier hand, a small quantity 6f oxygen is 
absorbed by t^e oxide in the oxidation 'of some/errous hydroxide or < 
iron sulphides th^l have qscapecj the, revivification process, and of some, 
sKght trace of free sulphur, the amount'bf which/depends on the time of 
drying, which tend to couil terbalance the abovp "error. 

' 2. Ferrocyanides.—Ttie method h'l general use in the industry for 
the estimation of ferrocyanides in spent oxide is a modification, of 
Knaublauch’s method, the*’extract,ed and purified ferrocyanides btyjig 
titrated with aJ standard solution of copper sulphate. Of late y^7 
zinc sulphate solution been 'fairly generally substituteiJi for the 
copper salt (see p. 634). At the present tiin'c Williams’^ n^h.yd of 
distilling the ferrocyanide with a,n acid and cuprous ch^qride into an 
alkaline hydroxide solution and titrating the cyan^e produced h 
coming into general rccognitjon as a simple and accurate method of 
estimation ^ {cf. p. 636). < 

Twenty-five g. 6f the finely ground spent oxide .is digested at the 
ordinary temperature with 100 c.c. of a 10 per cent, solbtion of sodium 
hydroxide, with occasional stirring for eighteen to twenty hours; a 
convenient method is to pour the alkaline solutioq cr.i to the spent 
oxide placed in a mortar and agitate with the pcstl^. 

When the operation is completed the whole mixture—both soluble 
and insoluble—is poured into a graduated flask and diluted to 260 c.c., 
10 c.c. being allowed for the bulk of the insoluble matter. 

The mixture is thoroughly agitated and then filtered through a large¬ 
sized dry filter-paper. One hundred c.c. of the clear filtrate is acidified 
with dilute sulphuric acid (i to 4) in a beaker of 250 c.c. capacity, and 
an excess of ferric sulphate or chloride added to precipitate the ferro- ' 
cyanide as the blue ferric compound: the presence of excess of ferric 
salts is indicated by the red coloration due to th,e thiocyanate almost 
invariably present. The precipitated mixture is stirr’ed, allowed to stand 
for about ten minutes to allow the precipitate to clot together, and then 
filtered through a large pleated filter-paper. The liquid is allowed to 
drain through, and the beaker and precipitate washed with boiling dis¬ 
tilled water to which^'a littfe sodium sulphate has bceri added—to prevent 
the blue passing throfigh the paper as a colloidal solution When washed— 
until tile'filtrate is free from colour. In this operation the ferrocyanide 
is freed from the thiocyanate and the bulk of the impurities. " ^ / 

9 • 

* J,Soc. Ckern.fnd.y 1912,31, 315. , j-- • ^ 

2 H. G. Coleman and E. W. Yoetnan, /. Soc. Chem, /W.. 1918, 37, 322T ; and P. E. 
Spielmann anC Wood, iQiQi 3T. < 
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WIren the “blue”. is thorou^^ly washed it is removed from the 
funnel together with the filter-paper, placed in the beaker in which it 
was originally precipitated, loo c.c. of 5 per cent, potas^um hydroxide 
solution added, and the contents stirred with a glass rod until all the 
blue is decomposed. This operation ii gjeatly assisted I’y “the filter- 
» paper, which readil\breaks flown to a pulp on stirring, pud divides up 
• tlje clots of “blue.” 'When all tf\S “ ^lue” is deconfposed at is washed 
without fil|raftion inti^ a graduated flask of 250 c.c. capacity, afld 
diluted to the mark on*tiie neck with distiKeii wate»,jio allowance being 
made for the voJume oT thc’pSyor. The iftixture is then thoroughly 
agTated and filtersd through a dry paper. 

»,The decomposition of the “bVuc” must nfct be hastened by heat, and 
'thejnixture must be diluted directly all yie blue is c>ecompo.sed and 
not »llc*ved to stand in the stronjtly alkalinp liquid. This prevents 
the sulphur, which* is frequently precipitated with the ferro- 
^anide, fro» passing into solfltion fis polysulphide and thiosulphate, 
which would jeriously interfere with the results obtained on sub¬ 
sequent titration with the copper solution. The filtrate prepared 
as above nfiist be tested for the presence of sulphides, and if 
pre.sent they must be removed by agitation with lead carbonate and 
filtration. • , 

Fifty c.c. of the final purified solution is measured into a precipita¬ 
tion beaker 01*290 c.c. capacity, acidified with dilute sulphuric acid, 20 
C.C. of potassium cftloride solution added, and the liquid titrated with 
standard copper sulphate solution in the manner described on p. 633, 
ob.serving all the precautions mentioned there. 

If the copper solution is standardised so that i c.c. will precipitate 
the ferrQcyanide equivalent to o-ot g. ferric ferrocyanide, Fe4[Fe(CN)0]3, 
then as the solution taken corresponds to 2 g. spent oxide, the 
percentage of fcrrocyanide in the spent oxide calculated as ferric 
, ■ fcrrocyanide is readily obtained by dividing by two the number of 
cubic centimetres of copjKr solution required. 

Titration with standard zinc su^phate solution in place of the copper 
salt offers some* marked advantages, eg., the presence of siflphicles 
in excess docs not interfere. If a zinc solution of which l c.c. will 
precipitate ferrocyamdbs etjuivalent to 0-05 g. ferric fcrrocyanide iS used,. 
ICX) c.c. of the original alkaline extract (= 10 g. spent oxide) is'taken, 
acidified and titrated with the zinc^ solution wiArout separating the 
fcrrocyanide lay precipitation with an iron salt. • 'fhc -accuracy of the 
resijlt thus obtained may be affected by two factors. If the thiocyanates 
•are mo*re than a trace, the end-point will be diffioult to observe on 
accyunl, pf the red coloufi of rfefric thiocyanate; further, the organic 
•matfer in the original alkaline solution may hold small quantities of 
ferric hydroxide in coftoidal solution. When the Ijquid is .qoidified this 
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iron hydroxidp precipitates a small quantity of the ferrocyanidV, which 
thus escapes estimation by the zinc. 

It is better, therefore, for accurate work to precipitate the ferro- 
cyanide, wash and decompose the blue as described,above, and take 
125 C.C. Of ifhe filtered and .purified ferrocyanide solution Tor titration 
(= 5 g- spent pxide).'’ ' A * 

The remits pbtained.by thpse'titration methods are liable to hs' 
a* little low, for reasons which there Is not si^fficient <-sp^cc to.-enter 
into here, but wh'di are ’m'o're fully dealt witS elsewhere.* 

Estimation as Ilydroe-yanic Aoid. Arf aliquot part of the solution 
of the decomposed prussian blue, prepared as above described and’ 
equivalent to i or 2 g. of t'Ae spent o-'-ide, is placed in a distilling fla^k, 
an excess of dilute sulphuric acid and o-i g. cuprous chloride dissqjvo.l 
in hydrochloric acid added, and the mixture distilled. The evolved 
hydrocyanic acid is passed through a'condenser Into a dilute,>«dution 
of sodium hydroxide, and the resultinjr cyanide solution,.thcn titrated 
with Njio silver nitrate as described O'Tp. 624. , 

A simpler method of estimating the‘fcrrocyanides in spent oxide, 
which is at the same time accurate and comparatively rapid, is a modifi¬ 
cation of the cuprOus chloride method. The residue from the spent 
oxide, after extracting The sulphur by carbon disulphide, is carefully 
removed from the- extraction apparatu.s, and after removing the excess 
carbon disulphide, boiled with water and filtered to, oltract the thio¬ 
cyanates. The residue, together with the filter-paper, is boiled with 
50 c.c. of a 5 per cent, solution of sodium hydroxide. The solution 
is then cooled, diluted slightly, filtered, and the insoluble matter washed. 
The filtrate and wash water are then distilled in the usual manner 
with cuprous chloride and acid, and the resulting cyanide titrated with 
silver solution. 

3. Thiocyanates.—The thiocyanate in spent oxide may be estimated 
by treating 10 g. of the finely powdered .spent oxide with distilled 
water, filtering and washing the oxide to zoo-c.c. A mea.sured volume 
of the solution is then titrated with A/10 silver nitrate. If chlorides 
are al 4 o present, they must be removed as described on p. 644. 

4. Ammonia.—Five g. of the ground spent oxide is placed in a 
distilling flask, a slight excess of dilute sodium hydroxide added, and 
the mixture distilled into a measured volume of standard sulphuric 
acid. The excess df acid is titrated with standard alkali, using methyl 
orange as ’ndicatof. Very considerable frothing sometimes takes 
place'in'this estimation, but it may be overcome by substituting fresh 
calcium hydroxidr for the sodium hydroxide. 

5. Sulphur.—See p. 364 and “ Illuminating Gas,” Vol. ly, 

1 H. E. Williams,/. Soc, Chem. Ind.y 3!, 315* 
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THIOCYANATE GAS LIQUOR 

Thiocyanate gas liquor is produced by scrubbing the hydrocyanic 
acid from dtude coal ^as by means clf j^olysulphide soli/ti«n, or by 
t allowing the gas’t^^as^s thfough layers of spent oxid^Hkept moist 
.with a spray of water. V ' i ' ■ " 

Tl;e finishal solution contains about 20 per cent, of ammoniufti 
thiocyanate, some atriiionium sulphide’ «ai|d canbpnate, and small 
quantities of atnrnoniilm finticyanide, cE>jbonylferrocyanidc, thics^ 
’sulphate, thiourea,,tarry ff<?itter, and phenolic bodies. 

.^t is used as a raw material /or_^the raafiufacture of cyanides, and 
fs,r the preparation of pure thiocyanate of ammonium and other bases. 
For the jprmcr purpose it is converted intb the^ sodium salt, evaporated 
tcKdwness, fused with Metallic Iron, and redissolved in water. The 
ferrocyaifldc^so produced is crystallised, dehydrated, and fused with 
UTetallic sodiuni tt)r the productloji of sodium cyanide. 

I. Thiocyanates.—Fifty cic. of the liquor is diluted to 500 c.c. and 
thoroughly mixed ; 50 c.c. of this solution is measured out, diluted 
with distilled water, a small quantity of iron al«m added, and the 
mixture warmdH to Co°,C. to oxidise the small quantity of sulphide 
and thiosulphate present. If the colour of the iron alum solution 
completely disappears, more must be added, until the colour of the 
ferric thiocyanate {persists. The mixture is then allowed to stand 
a short time to cloU the precipitate of ferric ferrocyanide and 
carbonylferrocyanide, which is then filtered off. The precipitate is 
thoroughly washed with distilled water containing a small amount of 
sddium sulphate to prevent the “ blue ” from passing through the 
filter. The filtrate, which contains the whole of the thiocyanate, is 
then precipitated as the cuprous salt, filtered, washed, decomposed 
• by chloride-free sodium hydroxide, again filtered and washed, and the 
filtrate dilu^d to 250 c.c Fifty c.c. of this solution is then diluted, 
acidified with pur.e dilute nitric aejd and titrated with Njio AgNOj, 
using ferric nitrate rfs indicator as described previously. The nuihber ef 
cubic centimetres of A'/iO AgNO^ required X 0.0076 x I00 = g. NH^CNS 
per 100 c.c. ' > '' ’ 

The washed precipitate of ferric ferrocyanide and carbonferro¬ 
cyanide may be dejomposed by a dilute solution oi^ sodium hydroxide, 
filtered and \^ashed, an'd the filtrates distilled witfi CBpr^ous- chloride 
and sulphuric acid as described on p. 636. “The resulting cyanide is 
ditrated’with Njio silver nitrate. One c.c. Njio AgNOs=00094 g. 
(NH^)4licj:CN)e. ’ . • 

•• Ifit is'desired t& separate any carbonylferrocyanide from the ferro- 
* ’ P. C. Williams, B. P. 1^^604 (1909). > * 
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cyanide, the {i,Ikaline solution resulfing from the decompdsitiAi of the 
precipitated iron salts is first neutralised with dilute sulphuric acid, 
zinc sulphate,. solut;ion added to precipitate the two iron cyanogen 
compounds, and the whole made alkaline with sodium parbonate. After 
agitation it is warmed to 40'^ C. for a few minutes and filtered. The 
filtrate, wbicji contains the carbonylfei'rocyaniply, and the insoluble r 
ferrocyanide are 'separately dijtill!!^ with sulphuric acid and cuprpus 
dhloride. ‘ , » ^ 

I C.C. N/io AgN03'=?o,oo94!'g,'(NII,)^Fc(CNj,;Oi f.3io7 g. (NH,).,Te(CN)5CO. 

■■ ^ f'’ ^ ' i 

2. Thiourea. —The estimation oi thiowrea is carried out by the 
method described on p. C> 47 . Fifty c.c. of the solution is precipitated 
with lead acet|ate in slight excess and filtered, and the precipitate ^of 
sparingly soluble lead thideyanats washed. The lead in the fiTtratc 
is then removed by a slight excess of ffjdium sulphate an 4 ,.agjiin ' 
filtered and the precipitate washed. ^The filtrate is then diluted to 
200 to 250 K.c. with distilled water'in a large fla;k, made stronj*!/ 
ammoniacal, and heated on the sand-batl^. To the warm solution Njio 
AgNO., is run in with agitation. One c.c. N/io AgNO^ = O-oojS g. 
(NHj)JcS. 

The titration of the thiocyanate by iV/io silver nitrate is very 
seriously interfered with by the presence of a considerable proportion 
of thiourea. Precipitation of the thiocyanate as thc„cuprous salt is 
useless as a method of separation, as the thiourea is also precipitated. 
If, however, the solution is acidified with dilup? nitric acid and titrated 
with N/lo solution of mercuric nitrate, using ferric nitrate as indicator, 
a reading corresponding to the thiocyanate plus thiourea is obtained. 

A further and equal po/tion of the solution is then treated with lead 
acetate to remove the greater part of the thiocyanate as described above 
and the excess lead removed by sodium sulphate; the thiourea in the 
final filtrate may be determi.ied by N/io AgNOj as described above.- 
The amount of thiourea so obtained is then deducted from_the combined 
thiourea and thiocyanate reading of the A^jio mercuric nitrate and 
the remainder calculated as thiocyanate. One c.c. -Njio lIg(N 0 a )2 = 
0-0076 g. NH^CNS or 0-0076 g. (NH2)2CS, and as i c.c. of Njio 
■AgF'Oa = 0-0038 (N 142)003, half of the,, amount of silver nitrate 
consumed in the thiourea titration must be deducted from the N/lo 
Hg(N02).2 reading,i'if equal volumes of the original solution were taken 
for each, titratipn. 

GAS LIQUOR. 

This liquor contains dmmonium svlphiOc and carbonat^ together 
with small quantities of ammonium cyanide, thiocyanate, ferrocyanicfc;, 
carbonylfeprocyanide, thiosulphate, thiocarbonate, phene Is, pyridine, etc. 



667 


GAS |J,1qU0R 

• ^ I 

• On]^ the estimation of the cyatwgen constiiuents will be considered 

here. T'he analysis olf these liffUbrs has been the subject of much 
investigation by Linder/ and the methods given below are based 
chiefly on his work. • * * ' 

It is nocessary that the samples »be analysed at Wiq earliest 
^ possible moment "^iid k'spt antirely out o(‘conta(»t with air, otherwise 
, the ammonium sulpfHde will oxid^e,dbrming'thiosjilplfatg and poly¬ 
sulphide, and Jhe latter body wilf reSct wife ammonium cyanide to 
form thiocyanate. An;J amriionium thio(«j-bj)nate grtsent in the liquor 
will, on standing,^gradually dacomposc into ammonium thiocyanate aqfl 
•hydrogen sulphicle. • 

Thiocyanates.—250 c.c. of the gas Xquor is mea.5urcd into a 
graduated flask, provided with a stopper*fitted with conaections for the 
supjJly of coal gas, lO g. pure lead carboiiafe is added, the air displaced 
hjfccqjil gas, the stopp»r fi»cd and <he flask well’sliaken, and left to settle. 
The deaf li^or must be tested with ^ lead paper, and if sulphide is still 
Resent, more It^d carbonate added. 150 c.c. of the cloor supernatant 
liquid is boileS for 10 to ;5 minutes to remove "cyanide, cooled, 
and* made uj* to 150 c.c. To 50 cc. of* this solution dilute sulphuric 
acid is added in sljght excess, and the ferrocyanidas precipitated by a 
very .slight excess of irqn alum solution. The precipitate is filtered 
off, and washed with a dilufe solution of sodium sulphate to prevent the 
“blue” passinj^through the filter in a colloidal condition. This pre¬ 
cipitate mu.st be reacted, and cannot be taken for the estimation of 
the fcrrocyanides owing to the fact that ammonium ferrocyanide is 
slightly decomposed in the preliminary boiling to remove cyanide, with 
evolution of ammonium cyanide.- In the ab.sence of air this decom¬ 
position may be represented thus:— 

2(NH,XFe(CN)6 - ]''c(NH/.,l'e(CN)5 + 6 NH,CN. 

Whereas in the presence of sufficient aij the decomposition proceeds 
' thus : ^— . 

i4(NM^)*Fe(CN)„-1-‘= 2 Fc..'"Fe"(Nll,), 4 Fe(CN),,], 

• +36NH4CN + 4 NH 3 + 2lI.p. , 

To the filtrate from the ferric ferrocyMide a moderate exce.s^ of a 
solution of sodium metabisulphite is added, the liquid warmed to 60° to 
reduce any ferric salt present, and copper sijphate solution added in 
slight excess, ^as sfeown^ by the bjue colour of the upernatant liquid. 
The mixture is then allowed to stand in a wqj-m ^lace for.a sliort time 
to crjagiflate the precipitate, which is then filtered and washed, U?ing a 

* ’ Alkali Report, 1903, pp. 31-39 ; 1909, pg. 15-19; and ^ppendii io%Ha!iReport, 1894-1917, 

pn-iva;.,. , * * 

• ® Ii*. G. Colman and E.*W,»Yoeman,y. Soc. Chtm, Ind.,, I918, 37, 319T. 

^ H. E. William^ Chemxsti^ of Cyanogtn (Sotnpounif^y p. 95. 
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dilute solution of potaisium sulphate as wash water. The ir'soluble- 
cuprous thiocj'anate is then washed frut of the filter into the bpaker in 
which it was originally precipitated, 25 c.c. of a 4 per cent, solution of 
sodium hydroxide added by pouring the alkali through the filter-paper 
to decompose and remove any (thiocyanate left in the^ pores.of the paper. 

The solution is then waimed and stirred u.itil the decomposition is 
complete, filtered,.thoroughly washed with hot water, the filtrate cooled, 
atidified with dilute nitrid acid in slight excess, and titrated with Nflo 
AgNOj solution, O^ing .a £eri;ii; salt as indicator. 

, In the absence of ch'orides or ccmpounos yielding an insoluble 
precipitate with silver nitrate in nitric acid solution, the liquor after 
treatment with lead carbotiate, boiling off the cyanide and precipitation 
of the ferrocyaride, may be aciSificH with n'tric acid and directly titrated 
with silver nitrate. 

2. Ferrocyanides.—As the desulphided Kqiior cannot be boiJ^d.,to 
remove the volatile ammonium cyanide before precipitation of the 
ferrocyanide c . ing to the loss of part of the cyanogen, if the aminoniu... 
ferrocyanide, the following method is recommended by H. G. Colmaii.' 
To 100 c.c. of the sample a few drops of ammonium polysulphide are 
added in slight excess, and it is allowed to stand fifteen minutes to 
complete the conversion of the cyanide into thiocyanate. Lead 
carbonate is then added to remove the sulphide, and about 10 c.c. 
of Ay I sodium hydroxide added to convert the ferrocyanide into 
the sodium salt, which is stable during the boiling. ’ The ammonia is 
then boiled off. The solution is acidified with dilute sulphuric acid 
and iron alum solution added in slight excess. The solution is then 
filtered and the precipitate washed with a dilute solution of sodium 
sulphate. The precipitate is then decomposed by wa.shing the filter 
with A/i sodium hydroxide and finally with water. The filtrate is then 
strongly acidified with sulphuric and distilled with a little cuprous 
chloride into A/i sodium hydroxide. The cyanide so produced is. 
titrated with A/io silver nitrate. 

Mayer and Hempel’s method is as follows:—250 c.c. of the liquor 
ir slightly acidified with sulphuric acid and tho ferrocyanide pre¬ 
cipitated by a slight excess of iron alum. The solution is then heated 
to and the ferric feitOcyanide filtered of.' and washed. The 
cyandgen content of the precipitate is then determined by Feld’s 
method for ferrocystnide estimation (p. 633). 

3 . Cyanide.-— hold’s method:—An excess of a strong solution of 
lead aitmte is added to 30 c.c. of the liquor in a distilling flask and the 
mixture distiller^ into a solution of .sodium hydroxide. The lead, 
nitrate, which precipitatesi the sulphldp, fenrocyanide, etc., reacts also 
with the ammonium cyanide forming lead cyanide, which decbn»posrs 

' * Zoc. at. 
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on boiWhg into hydrotjyanic acid ^nd lead hydroxide. ♦, The evolved 
hydrocyanic acid is absorbed in t6e alkaline solution and the resulting 
cyanide titrated with Njio silver nitrate. £)ne (..c. NJio AgNOj = 
0-0088 g. NH^QN. 

This metrtod is ^nly applicable in the‘ab,sencc of free amm6nia. In 
*t_he presence of free^ a'mraohia the following procedure must be 
•followed :—50 c.c. of clear liquor aft«f rejnoving the suTjjhide i)y shaking 
with lead cajbofiate is rin into a*slight execs# of a 25.per cent, solution 
of aluminium chloride diluted to 200 c.c. TI#S .st)lufi«n should then be 
acid to litmus paper; normal sqSium carbonale. solution is added until 
^hetsolution is distinctly altcaline, followed by 10 c.c. of a 20 per cent, 
sol'ition of lead nitrate, which sho«ld/-ender flic solution add to litmus. 
The |iydrocyanic acid^ is then distilled off jnd estimatccl as describad 
above* , * , 

cyanide may also*be estimated in the filtrate after separation 
of^the ferro«j,’anides obtained in Colman’s method o^^ferrocyanide 
separation deseji^d above. *I'his filtrate contains not only the 
thiocyanate originally pre.sent* in the liqvor, but also that formed by 
the action of'the ammonium polysulphide in the cyanide. If the 
total thiocyanates "are estimated, and the amount* originally in the 
liquor as determined by tli^; above method deducted, the thiocyanate 
equivalent of the cyanide is obtained. 


CONCENTRATED AMMONIA LIQUOR 

This liquid is prepared by preheating the ordinary ammonia gas 
liquor, when the greater bulk of the hydrogun sulphide and carbon 
dio.xide ij driven off, and then distilling the liquor, first to drive off 
the free ammonia and then with lime to decompose the fixed ammonium 
compounds. The distillate is condensed. 

The liquid thus produced consists essentially of a solution of 
ammonia, coriaining small* proportions of sulphide, carbonate, cyanide, 
thiocyanate, and fetroejanide of amrponium. 

The estimation’of the cyanogen compounds in this liquor has bcei? 
the subject of recent investigation by H. G. ^olman and E. VV. Yoenjan,^ 
P. Pi. Spielmann and fl. Wood,- and E. Linder.^ 

Great care must be taken in sampling and ig the preservation of the 
samples from the air.to prevent subfidi^ry actions frogt taking place. 

I. Cyanide. —In the method recommended tjy Cdlman'and Ypeman,* 
too c.c. of the concentrated liquor is run from a pipette into a flask 
cisntaining too to 200 c.c. of boiling water to which’about 10 c.c. of 
N/l .‘^diyiji hydroxide ha.'? becfi previously added. The water must 

> /. Sec. Chem. fnJ., 191*8; 37, 319T. “ 16 ul., :9I9, 38, 4^T. 

Appendix if Alkdlt Repofti * * Lee. Pit, • 
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be boiling foi;isome mitfutes to remove all the dissolved oxygefe before 
the addition of the liquor. When the bulk of the ammonia has been 
driven off by fiontiniied boiling, a solution of 5 g. lead nitrate is added 
and the mixture distilled for twenty to twenty-five minutes into a 
solution'of 25 c.c. Nji sqdidm hydroxide. Wh^.! the "distillation is 
complete, flic sodium cyanide in the dfstillate js titrated with N/iOi' 
^Iver nitfdte, qsing a ^few d'Oph of potassium iodide solution, as' 
indicator, i c.c./V/io AgNO,=0'Oo8&i g. Nf^,CN. , 

E. Linder' kSs Stafad that this methpi is inaccurate in the 
firesence of thiosulphatCs, due to .tfie‘ conversion • of some of the 
cyanide into thiocyanatj. by boiling witfe the alkali in the presence 
of thiosulphate.. He thereforp suggests the following modificatioi?:— 
350 c.c. of the'liquor is run, into a graduated flask, 10 g. lead carbonate 
added, and the whole shaken in'the presence of coal gas: tcoc c.c. of 
the clear supernatant liquor is boiled to*' remove the bu^k df ‘the 
ammonia after the addition of 50 c.c. of N'ji sodium hy^'.-oxide to fix 
the cyanide. The liquor is then coolt-d and diluted 250 c.c. 

One hundred c.c. of this solution i's run into a slight excess of 
a 25 per cent, solution of aluminium chloride (say lO 'c.c.) diluted to 
150 c.c. The solution shoul^l now be acid to litmus paper: normal 
sodium carbonate is then added to remo.''e the excess of aluminium 
chloride (3 to 4 c.c. should make the liquid alkaline to litmus), followed 
by 10 c.c. of a 20 per cent, solution of lead nitrat.e (solution acid to 
litmus) and the hydrocyanic acid distilled into li'ji sodium hydroxide. 
The resulting cyanide is then estimated by fitration with IVjlQ silver 
nitrate in the usual manner. 

2. Thiocyanate. —One hundred c.c. of the desulphidcd and ammonia- 
free solution prepared as above ( = 80 c.c. original) is slightjv acidified 
with dilute sulphuric acid, a few drops of strong ammonia added, and 
the solution boiled for ten to fifteen minutes to expel all cyanide. A 
few drops of iron alum are added to the cooled,.solution in slight excess, 
the liquid filtered from the precipitated fcrrocyanide, c.nd the latter 
thoroughly washed. To the filtrate a moderate excess of a solution 
of sodium metabisulphjte is added and the mixture heated to 60-70° 
to r,educe the ferric salt. distinct excess of a 10 per cent, solution 
of etpper sulphate is added and the heating continued to incipient 
boiling. ^ I 

The solution if filtered after rtanding a sho|-t time, and the precipitate 
thoroughly, washedr T,he precipitate is then decomposed with 25 c.c. 
of a*4 per cent, solution of chloride-free sodium hydroxide and, again 
filtered and washed. The cooled filtrate is acidified with dilute nitric 
acid, a few drops of a solution of ferric' nitrate adi^ed, and then titrated 
with Njio AgNOs in the usual manner. The'prussian blue precipitate 

' ► ' * ' loc. cit. ' ‘ 
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V obtain^ in* above should not be used for ♦the estimation of the 
ferrocyanides. ‘ ♦ ‘ * 

3. Total Cyanogen as Cyanide and Thiocyanate.— A few drops of 
ammonium polysiilphide are added to 100 c.6. of the ufttreated liquor 
till the soluticin*shows a permanent excess of the polysulphye. Any 

^ cyanide present <s thus converted into tftiocyar«te. Afrer standing 
^fifteen minutes to complete the reaction, the,selphide i? n;moved by 
tlfe addition of^lead carbonate, sincf the*filtraU; boile’d'W'ith the addition 
of about 16 C.C. N/l ^diutA hydroxide«till^mpst jcrf the ammonia is 
driven off. The solutiafi is jrwde slightly ^cid witli dilute sulphurjc 
•acid, iron alum solution arjded m slight excess, and the precipitated 
ferrocyanide filtered off and tho^rou^hly washed. The filtrate, which 
rpntains the whole of the tlpocyanate otiginally prese'ni in the liquor, 
plus*the thiocyanate equivalent of the tyanidc, is precipitated *as 
cu^jrftus thiocyanate r»nd estimattd in the mafiner described above. 

If thevthiocyanate equivalent of the cyanide is deducted from the 
afliount of thioc^nate found, the result will equal the awount of thio¬ 
cyanate originally present in Jhc liquor, or if the thiocyanate is known 
and*deducte<4from the total figure the result will be the thiocyanate 
equivalent of the cyanide. . 

The cyanide and thiocyanate may be conveniently estimated 
colorimctrically by mean.? of the tintometer, and .this method has 
been developec^by P. E. Spiclmann and II. Wood.' 

4. Ferrocyanf&e.— The ferrocyanide precipitate obtained above 
may be decomposed b)i dilute sodium hydroxide, and the precipitate 
washed and the ferrocyanide. estimated by distilling the filtrate with 
dilute sulphuric acid and a little cuprous chloride as described on p. 636. 
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TABLE L*. ' 

• * *. % 

T?,ble for correcting the*Volume of Water or of Dilute Standard 
, Solutions (N/5 qr ipore diXite) to 15°. , 

“ . ■ • 

'jftiis is a more convenient form, for yracticj’!»work, of the Table on p. 33.» 

If the*teniperature of ^hv ^olution is^ it is multiplied by the factor in column 
rt, to c^rect the vmlume to 15” ; or the value in column is deducted from 
^, the obser^d volume. • 



^ a. 

• 

Ik 

• 

• 

a. 

6 . 


J‘’!icf<ir. 

Value 111 c.c to 
be (b-ilueti'il fnnii 
e;\< h ino c.e. 

• 

m 

t'\ 

f’aiOir* 

Value in o c. to 
be lii'fim'tMlfrom 
elicb 100 C.C. 

15 

^,0000 

• 

0 

28 

0,9986 

0,135 

16 

O.OTOO* 

0,018 

21 

0,9984 

0,156 

17 

0,0997 

0,097 

If 

25 

0,9982 

0,179 

18 

0,9906 

0,012 

26 

0,9980 

0,202 


0,9991 

0,059 

27 

*0,9977 

0,227 

20 

0,9992 

0,076 

28 

0,9975 

0,252 

21 

0.9991 

0,095 

29. 

0,9972 

0,278 

22 

, 0,9989 * 

, 0,114 

80 

0,9970 

0,305 
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APP|!kDIX 

• ^ I 

T^tle for reducir^g the Volume of a Gal to 0° C^Conlinued. 


0’ 

r 

2’ 1 

8* 

4" 

6" 

• • 

. T , 

8-/ 

9- 

10* 

51 

50-82 

*50-63 . 

^50-45 

50-26 

50-08 

4 V 01 

49-73 

49-55 

ts-ts 

49-21 

■ 62 

51-81 

51-62 

61-44* 

51-25 

51-06 

60-SS 

50-70>’ 

50-52 j 

50-35 

60-17 


52-81 

52-62 

52^3 

52-24 

5‘i-05 

51-87 

51^8 

51-49* 

51-31 

51-13 

♦54 

63-81 

53-61 

53-42 

53-22 


',52-84 

52-65. 

52-46 

^2-28 

52-10 

55 

,54-80 ^ 

5^60 

n 

54-21 

•54-01 

• 53-82 

* ' 

1 53-63 

!K-44 

53-25 

53 -oe 

56 

55-80 

55-60 

i>0-4* , 

55-19 

54-99 

54-80 

' 5<W0 

' J4'41 

54-22 

54-03 

57 

56-80 

56-59 

60-39* 

56-l« 

» 55-97 

55-78 

. 65-68 

55-38 

55-19 

54-99 

58 

07-79 

57-58 

67-37 

57-16- 

56-95 

56-76 

• 56-55 

56-35 

50-15 

55-9ff 

it9 

58-79 

58-57 

4 68-37 

5% 15 

57-93 

67-74 

67-53 

67-32 

67-12 

66-92 

AO 

69-78 

59-56 

59-35 

59-13 

58-92 

58-71 1 

58-50 

58-30 

58-09 

« 

57-88 

01, 

60-78 

60-56 

60-34 

6CM2 

59-90 

A-69 

59-48 

• 

i9-5flr 

59-06 

58-85 

62* 

.61-78 

61-55 

of-33 

61-10 

60-8^ 

60-.lf 

60-46 

60-24 

60-03 

69-ft 

63 

0^7 

62-54 

62-32. 

62-09 

01-86 

61 -65 

^1-43 

61-21 

60-99 

60-77 

tr 

63-77 

63-53 

63*31 

*63-07 

f)2-84 

62-63 

62-40 

6218 

61-96 

61-74 

65 

64-116, 

^64-63 

64-30 

64-06 

63-83 

63-61 

63-38 

6315 

62-93 

62-70 

*66 

65-76 

65 

65-29 

65-04 ‘ 

>64-81 

64-58 

64-35 

04-it* 

63-89 

63-67 

67 

66-75 

66'%i 

66-27 

66-03 

65-79 

65-56 

65-33 

65il0 

04-86 

64-63 

6& 

67-75 

67-50 

67-26 

67-(te 

66-77 

6«-54 

66-30 

66-07 

65-83 

65-60 

69 

68-75 

'68-50 

68-25 

68-01 

67-75 

67-52 

67-28 

67-04 

66-80 

66-56 

70 

69-74 

69-49 ^ 

69-24 

C8-99 

68-74 

68-50 

68-25 ^ 

68-01 

67-77 

67-53 

71 

70-74 

70*48 

70-23, 

69-98 

69-72 

*69-48 

69-23 

68-98 

68-74 

68-49 

72 

71-74 

71-48 

71-22 

•1^0-96 

70-70 

70-46 

70-20 

69-95 

69-71 

69-46 

73 

72-73 

72-47 

72-21 

71 -95 

71-69 

71-44 

71-18 

70-93 

70-67 

70-42 

74 

73-73 

73i46 

73-20 

72-93 

72-66 

72-41 

72-15 

71-90 

71-64 

71-39 

75 

74-72 

74-45* 

74-19 

• 

73-92 

73-65 

73-39 

73-13 

72-87 

72-61 

72-35 

i 70 

75-72 

75-45 

75-1% 

74-90 

74-63 

74-37 

74-10 

73-84 

73-58 

73-32 

i 77 

76-72 

76-44 

76-17 

75-89 

75-61 

75-35 

75-08 

74-81 

74-65 

"4-28 

78 

77-71 

77-43 

77-16 

76-87 

76-59 

76-33 

76-05 

75-78 

75-61 

76-25 

79 

78-71 

78-42 

78-14 

77-86 

77-58 

77-31 

77-03 

76-75 

76-48 

76-21 

. 80 

79-70 

79-42 

79-13 

78-85 

78-56 

78-28 

•78-00 

77-73 

77-46 

77-18 

81 

8J-70 

80-41 

80-12 

79-83 

79-54 

79-26 

78-98 

78-70 

78-42 

78-14 

82 

81-69 

81-40 

81-11 

80-82 

80-52 

80-24 

79-95 

79-67 

79-39 

79-11 

83 

82-69 

82-39 

82-10 

81-81 

81-51 

81-22 

80-93 

80-64 

80-36 

80-07 

84 

83-69 

83-39 

83-09 

82-79 

82-49 

8‘^-20 

81-90 

81-61 

81-32 

81-04 

85 

84-68 

84-38 

84-^8 

83-78 

83-47 

83-17 

82-88 

82-58 

82-29 

82-00 

86 

85-68 

* 86-37 

. 85-07 

84-76 

84-45 

84-15 

83-85 

83-65 

83-26 

82-97 

67 

86-68 

86-37* 

{fo’-06 

85-75 

S5,-43 

85-13 

84-83 

84-53 

84-23 

83-93 

88 

87-67 

87-3« 

87-05 

86-73 

86-42 

86-11 

85-80 

85-50 

85-20 • 

84-^ 

89 

88-67 

88-35 

88-04 

87-72 

87-40 

87-09 

86-78 

86-47 

86-16 

85-86 

90 

89-67 

89-34 

^9-02 

88-70 

88-38 

88J7 

87-75 . 

87-44 

87-13 

86-82 

• 

91 

90-66 

90-34 

90-01 

89-69 

89-36 

89-05 

88-73 

88-41 

8810 

87-79 

92 

91-66 

91-33 

91-00 

90-67 

90-34 

90-03 

, 89-70 

89-38 

89-07 

88-75 

93 

92-66 

92-32 , 

91-99 

91-66 

91-33 

91-01 

90-58* 

90-36 

90 03 

89-72 

94 

93-65 

«3-31 

02'9« 

92-64 

92-31« 

91-98 

91 -65 

!• 91-33 

91-00 

90-68 

95 

91-6? 

94-31 

93-97 

93-63 

93-29 

92-96 

92-^ 

» 

92 -So 

91-67 

91-65 

9i 

i^-65 

95-30 

94-96 

94-61 

94-27 

93-94 

93-60 

93-27 

92*94 

*92-61 

97 

96-64 

96-29 

95 "95 

95-00 

95-25 

Oi-92 

94-58 

•04-24 

93-91 

93-57 

98 

97-64 

67-28 

96-93 

, 96-55 

•96-24 

95-W) 

95-55 

95-21 

94-87 

94-64 



98-27 

,97-92 

97-67 

97-22 

96-87 

96-53 

96-18 

95-84 

95-50 

•’lOO* 

99-63 

99-27 

•98-«; 

98-56 

98-20 

97-85 

97-60 

97-16 

96-81 

96-47 



• 

_^Li _ 



Jk _ 
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Table for Acducinjj'the Volumj^^pf a Gas to o° C.—Contin^d. 


0* 

1 

1 ir 

i 1"' 

>r 

14* 

15" 

10’ 

17' 

18* 

19* 

20* 

1 

0-961 

0-958 

0-955 

0-951 

0*948 

0-945 

0*941 

^0-933 

' 0*935 

0-932 

2 

1’923 

1-916 

r909 

1-903 

1*896 

1*859 

^883 

1-876 

1*869 

1-864' 

3 

2-834 

^-874 

2-80' 

2-854 

.2*84<li 

2-834 

2*83-1 

2*815 

2-805 

2-795 

J 

3-845 

3-832 

1 -V35818 

3-805 

,,3-7fc 

3-779 

3-766 

3-7.53 

3-740 

3-727, 

5 

4-807 

4-790' 

4-773 


4-740 

“4-724 

4-?07 

4-69Ji 

4-675 

„4-669 

6 

5-768 

5-747 

'5-723 

15-703 

5-683 

5*668 

7'i(i4S 

5*629 

5*609 

5-591 

..7 

6-729 

6-705 

6-682 

,.3-059 

6*630 

<J*613 

6T.90 

6-567 

6*544 

6*523 

8 

7-690 

7-663 

7-637 

7-610 

7-584 

' 7-.558 

7-531 

7-506 

7-479 

7-464 

9 

8-652 

8-621 

8-591 

8-562 

8*532 

8-50-2 

8-472 

68-444 

8*414 

8*386 

10 

9-613 

, 9-570 

9-546 

’•■513 

9*480 

9-447 

9*414 

9*382 

9-319 

9-3^8 

It 

10-57 

10-33 

10-50 

10-46 ' 

10*43 

10-39‘’ 

10-35 

10*32 

10-23 

10:25 ' 

12 

11-53 

11-49 

11-45 

11 -1;-^ 

11 -as 

11*33 

11*30' 

11*20 

11-21 

iri8 

13 

12-49 

12-45 

12-41 

12-36 

12-32 

12*28 

12;24 

12*20 

12-1,7- 

12*11 

14 

13-45 

13-41 

13-36 

13-31 

13-27 

13*22 

'i3-l7 

13-13 

13-08 

18 

15 

14-42 

14-37 

14-32 

11-27 

14-22 

11*17 

14*12 

14-07 

HV. 

13-97 

16 

15-33 

iJf-so 

15-27 

15-22 

15-17 

(15*11 

15-06 

li?'-. 

14-96 


17 

16-34 

16-28 

16-23 

16-17 

16-12 

16-00 

16-00 

15-99 

15-89 

15*84 

18 

17-30 

17-24 

17-13 

17*12 t 

17-06 

17-60 

16-94 

10-89 

16-82 

16*;6 

19 

18-26 

18-20 

18-14 

18-07 

18-01 

17-05 

17-89 

17-83 

'17-76 

17-70 

20 

19-23 

19-16 

]r9-09 

19-03 

18-96 

18-89 

18-83 

1^76 

18-69 

18-64 

21 

20-19 

20-12 

20-04 ' 

19-98 

19-91 

19-84 

19-77 

19-76 

19-62 

19-57 

22 

21-15 

21 -08 

. 21 -00 

20-93 

20-86 

‘20-78 

■20-71 

20-64 

20-56 

20*50 

23 

22-11 

22 03 

21 -95 

21-88 

21 -80 

21-73 

21 -65 

21-58 

21-50 

21*43 

24 

23-07 

22-99 

22-91 

2V.-83 

22-75 

22-67 

22-59 

22-51» 

22-43 

22-37 

25 

24-03 

23-95 

23-86 

23-78 

23-70 

23-61 

23-51 

2?-45 

23-37 

23*30 

2 G 

25-00 

21-91 

21-81 

24-73 

21-65 

24-56 

24jiS 

24-39 

24-30 

24-23 

27 

25-96 

25-87 

-25-77 

25-69 

25-60 

25-50 

25-42 

25-33 

25-23 

25-16 

28 

26-92 

26-82 

•26*72 

26‘61 

26-54 

‘26-i!; 

26 -36 

26-25 

26-17 

26-09 

29 

27-88 

27-78 

27-68 

27-59 

27-lO 

27-39 

27-30 

27-20 

‘27-10 

27-02 

30 

28-84 

28-74 

28-61 

-28-54 

28-44 

28-34 

28-24 

28-15 

28-05 

27-95 

31 

29-80 

29-70 

29-59 

29-49 

29-39 

29-28 

29-18 

29-09 

28-99“ 

28-87 

32 

30-76 

30-66 

30-55 

30-44 

30-34 

30-23 

30-12 

30*03 

29-92 

29-81 

33 

31-72 

31-61 

31 -50 

31-39 

31-28 

31-17 

31-06 

30-97 

30-86 

30-74 

34 

32-68 

32-57 

32-46 

32-34, 

32-23 

32*12 

32-01 

31-90 

81-79 

31-68 

35 

33-65 

33-53 

33-41 

33-30 

33-18 

33*06 

32-95 

32-84 

32-73 

32-01 

36 

34-61 

34-49 

34-37 

34-25 

34-13 

34*01 

33*89 

33-78 

33-66 

33-54 

37 

35-57 

35-45 

35-32 

35-20 

35-08 

34*95 

34-8.?' 

34>72 

31*59 

34-47 

?8 

36-53 

36-40 

36-28 

36-15 

36-02 

35-90 

35-77 

.35*66 

35*53 

35-40 

39 

37-49 

37-36 

37-23 

37-10 

36-97 

36-84 

36-71 

36-59 

36*46 

36*34 

40 

^38-45 

38-32 

38-15 

38-0^ 

37-9-2 

37-79 

87-66 

37-53 

37*40 

37-27 

41 

*1-41 

39-28 

39-14 

39-00 

38-87 

.38-73 

38*60 

38-47 

38*34 

38-20 

42 

40-37 

40-24 

40-09 

^^•95 

39-82 

39*68 

39*54 

39-41 

39-27 

39-18 

43 

41-33 

41-19 

4i-05 

40-90 

40-76 

40-62 

40*48 

40-35 

40*21 

40-07 

44 

42-3p 

42-15 

^2-00 

41*86 

4V71 

41-57 

41*»13 

41-28 

41*14 

41*00 

45 

43-26 

40-11 

42-{15 

42-81 

% 

42-66 

42*51 

42-37 

42*22 

42^08 

41-93 

46 

44-29 

44-07 

43-91 

43-76 

43*61 

43*46 

43-31 

43*16 

43-01 * 

42«S6 

47 

45-18 

45-03 

•'44*86 

44-71 

44-56 

44*40 

44*25 

44*10 

43*94 

43-79 

48 

46-14 

45-98 

45-82 

45 

45*50 

•45:35 

45-19 

45*04 

44*88 

44*72 

49 

47-10 

46-94 

46-77 

46-01 

46*45 

46^9 

46-13 

65-97 

45*8f 1 

45,!5 , 

50 

48-07 

47-90 

47-73 

47-57 

47-40 

47-24 

47-.07 

*■46*91 

46-76 

4«-69 • 


% 

* 
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Tlble for reducing the Volvfme of a Gisfto o° (^.- 


-Continued. 



0 “ 

tr 

12- 

18" 

U’ 

15* 

10" , 

17“ 

• 


10* 

20 “ 



51 

49*03 ' 

4 

48*86\ 

48-69 

48*52 

48*35 

t8-]8 

48-01 

47-85 

*41-08 

47*52 



* 52 

49-09 

49-8? 

49*6f 

49i47 

40*30 

49-»3 

48-1^ 

48-79 

48-62 

48*45 


' • 

03 

50*95 

50-77 

511*59 

50*42 

50 *‘24 

5i»19 « 

50*07 

4 a-89 

49*7» 

49-55 

49*38 



. 54 

51*91 

51*73 

51*55 

51-37 

51*02 

/i-84. 

• 50-66 

,50-49 

50*32 



55 

52’S? 

^•69 

5210 

52*33 • 

.?2-14 ' 

51 *06^ 

51-78 

^1*60 

51*43' 

51-S5 



56 

57 

53*84 

54*80 

53*65 

54*61 


53*28 

51gi3, 

53*09 

51*04 

53*86j 

54-72* 

53-66 

* 52-.14 

• 63--18 

52-36 

53*20 

52*18 

53*11 


• 

5S 

55-76 

55-.to 

55*37 

55*18 

• 54*08 

54-80# 

54-60 

54-42 

54 *‘23 

54*«4 



•59 

56*72 

56*52* 

56*32 

r.o-13 

55-93 

55-74 

55-54 

55*35 

55*16 

54*97 



60 

57-08 

57*47 

57*28 

57-08 

56*88 

56-68, 

50-48 

56*20 

56-00 

55*01 








• 



• * ‘ 





61 

58*64 

58*43 

58*23 

S8-03 

57*83 

^>7-63 

57*42 

,57«3 

57*02 

56*84 



(» 

59*60 

50*30 

«0*19 

58*08 

58J8 

5.W7 

58*36 

58*17 

57-06 

57*77 



85» 

a)*56 

60-35 

60-14 

50-03 

5972 

59-52 

,59-30 

50-11 

58*90 

58*71 




61 *53 

61*31 

61 -ft 

60-88 

•60-67 

60*46 

60-25 

60-04 

50-83 

59*64 



65 


02-26 

62-05 

61-84, 

61-62 

61-40 

61-19 

60-0S 

60-77 

60-57 


^ 6() 

63 *15 

6;htl 

«a*i8 

63-01 

62-79* 

62-57 

. 62-35 

62-13 

61 r> 

61-70 

61*50 


67 

04*41 

63-06 

63-74 

63*52 

63-20 

6.3-07 

6^-86 

62-63 

62*43 


1)8 

65*37 

65-13 

64-02 

64*69 

64-46 

^4 *23 

64*01 

63-80 

63-57 

63*36 



!59 

06*33 ^ 

. 66-00 

65 -87 

65*61 

65*41 

65*18 

64*95 

61-73 

61-50 

64*30 



70 

67-29 

67*05 

66*82 

66-59 

66-36 

60*13 

05-00 

65-67 

05*44 

65*23 



7] 

68-25 

(»-01 

67*77 

67-51 

67-31 

67-07 

'66-84 

06-61 

66-38 

66*16 



72 

60*21 

08-97 

68-7!i 

f 68-40 

68 26 

68-02 

67-78 

67*55 

67*31 

67*09 



76 

70-17 

60*02 

60*68 

69-44 

60-20 

68*96 

68-7*2 

• 68-19 

68*26 

68*03 



74 

71-14 

iD-S8 

70*61 

70-40 

70-15 

69-01 

60*66 

69-42 

60*18 

68*96 



75 

72*10 

71*» 

71-59 

71-3.5 

71-10 

70*85 

70-61 

70-37 

70-1-2 

69*89 



76 

73‘06 

72-80 

7-2-55 

72-30 

72-05 

71-80 

71 -55 

71-30 

71*05 

70*82 



77 

74-02 

73*76 

73-51 

73-25 

73 00 

72-74 

7-2-49 

72-24 

71*08 

71-75 



76 

74*08 

74-71 

74*46 

7f-20 

73-9t 

73-69 

73-43 

73-l.S 

72*92 

72*68 



79 

75-04 

75-67 

75-41 

75-15 

74-89 

71-63 

74-37 

71-n 

73-85 

73-61 



bO 

70-90 

76*63 

76'37 

76-10 

75-84 

75*58 i 

t 75-31 

75 -06 

74-79 

74-.54 



SI 

T7-SG 

77-59 

77-32 

77-05 

76-79 

76-52 

76-25 

76-00 

7.5-7.3 

75-47 



82 

78-82 

78*55 

78-28 

78-00 

77-74 

77-17 

77-19 

76-91 

76-66 

76-40 



86 

70-78 

79-50 

79-23 

78-95 

78 68 

78*41 

78*13 

77-87 

77*60 

77*34 



S4 

80-75 

80-46 

80-10 

79-91 

79-63 

"^o-1o 

70-08 

78-81 

78-53 

78-27 



85 

81*71 

81 - J'i 

81*14 

80-86 

80*58 

80*02 

79-75 

79-47 

79*20 



86 

82-07* 

82-38. 

82-10* 

81-81 

81-53 

81 -24 

80-06 

80-60 

80*40 

80*13 



87 

83*63 

83-3« 

o3-05 

8*2-76 

^-18 

82-19 

81-90 

81 *63 

81*33 

81*06 



88 

84*50 

84 -«9* 

84 *01 

83-71 

83-42 

83*13 

82-81 

8-2-57 

82-27. 

81^9 



89 

85*56 

85-25 

84-06 

84-66 

81-37 

84*08 

83*78 

83*50 

83*22 

82^3 



90 

86-52 

86*21 

85*02 

85*62 

85-32 

85-02 

84*72 

81*44 

84-14 

83*86 






• 




• 






01 

87-48 

87-17 

86-87 

86*57 

86-27 

85-06 

So -66 

85*38 

85 -07. 

84-79 



02 

88*44 

88*13 

87*83 

87 *52 

87 -22 

86-01 

86-60 

80-32 

86*01 

85-72 



03 

89*40 

89-08 

88*78 

88-47 

88-16 

.87-31* 

87*54 

87-‘25 

86*95 

86*66 



04 

90*36 

, 90-0f 

SOi’S 

80-42 

so*u 

88-80 

88 •49* 

88-10 

87-88 

87-59 



05 

01 *^3 

01 *00 

00*68 

00-38 

00*06 

89-74 

89^3 

80-13, 

8}f*82 

88*52 



86 

-02*20 

91-90 

91-04 

01 *33 

01-01 

00-60 

90*37 

00*07 

• t 

89*75 

89-45 



07 

03-25 

02*02 

02-50 

02*28 

01-96 

91*63 

91*31 

k 01-00 

90*()8 

90*38 



08 

04*21 

93-87 

03*55 

93*23 • 

02-00 

92*58 

02*25 

i 91-94 

91*62 

01*31 



fO 

• »-17 

04*83, 

94-50* 

94 -t8 

03-85 

03*52 

03*19 

92-88 

02-55 

92*24 



lift 

0^13 

95-79 

- 9^46 

95*13 

94-80 

94-.17 

94*14 

03*82 

93*40 

93*18 





ji_ 

_*_i_ 

— 

— 

1 - 


-^ 
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Table for j;educin^''the Volump of a Gas to o” C.—ConiinM. 



0- 

1 21" 

22" 

„ 23- , 

! 24" 

25" 

26" 

27" 

1 28" ■ 

j 20* 


1 

0O2\) 

0-926 

0-922 

0'919 

0-916 

0-913 

o/«no 

b-907 

0-904 


2 

1-867 

1-851 

V 1-845 

‘ 1-839 

1 -832 

.. 1*828 

1-S20 

1-814 

1-808' 


8 

2-786 

’ 2-777 

•7^-767 

2-758 

2-749 

2-739 

, 2-730 

2-721 

2-712 


4 

3-714 

3-702 

3'A90 

3-677 

‘•.3-665 

3-652 

3-640 

3-628 

3*616, 


♦ 6 

4-643 

4-6t'S 

4-6ia^ 

4-51,7 

4-501 

4-566^ 

4-551 

„ 4-535 

,4-520 


6 

5-572 

5-553 

r.3345 

„i-316 

5-497 

5-47'^, 

5-461 

5-442 

5-424 


7 

6*500 

6-479 

0-457, 

6-435 

6-41^3 

r 6-.39S 

6-371 

6-349 

6-328 


' 8 

7-429 

7-404 

7-379'- 

7-354 

7-.130 

7-305 

7-2.81 

7-256 

7-232 


9 

8-357 

8-330 

8-302 

8-274 

8-246 

L-218 

8-'«91 

8'163 

8-13(9 


10 

9-286 

9 ’255 

9-221, 

9-193 

9-162 

9-131 

9-101 

9-070 

9-040 


11 

10-21 

ift-is 

10-15 

10-11 

10-07 

10-04 

10-01 

9-98 

9-94 


J2 

11-14 

11-11 

11-07 

v:i-03 

„10-99 

10-96 

'10-92 

10-88 

10 te 


13 

12-07 

12-03 

11-99 

11-95 

11-91 

11-87 

n-83 

11-79 « 

if-75 


14 

13-00 

12-96 

12-91 

12-87 

12"d3 

12-13 

■ 12-74 

12-70 

Ti-wr 


15 

13-93 

13-83 

13-81 

13-79 

13-7-ti 

13-70 

13‘65 

1.3-6U 

13-56 


16 

14-86 

4^-81 

14-70 

14-71 

14-6/i' 

14-61 

14-r.lif: 

11-51 

14-46 ^ 


17 

13-79 

15-73 

15-68 

15-63 

15-58 

15-52 

15-47 

15-42 

15-37 


18 

16-71 

16-66 

16-60 

16.*55 

16-49 

16-44 

10-.38 

16-33 

16-2,7 


19 

17-64 

17-58 

17-53 

17-17 

17-41 

17 *.-)5 

17-29 

18-23 

17-l.S 


20 

18-57 

18-51 

18-45 

18-39 

18-32 

18-26 

18-20 

18-14 

18-08 


21 

19-50 

19-43 

19-:i7 

J9-3i 

19-21 

19-17 

19-11 

19-O.', 

18-98 


22 

20-13 

-20-36 

20-29 

20-23 

20-15 

20'09 

20-02 

19 -95 

19-89 


23 

21 -36 

21-29' 

21-21 

21-15 

21 -07 

-21-00 

20-93 

20-86 

20-79 


24 

22-28 

22-21 

22-14 

22-07 

21-99 

21 -91 

21-84 

. 21-77 

21-70 


25 

23-21 

23-14 

23-06 

22-99 

22-90 

22-83 

22-7^/ 

22-68 

22-60 


26 

24-14 

24-06 

2:3-98 

23-91 

23-82 

23-74 ^ 

23-66 

23-58 

23-50 


27 

23-07 

21-99 

21-90 

‘11-83 

24-73 

24-65 

24-57 

24-49 

24-4) 


28 

26-00 

25-91 

25-82 

25-74 

25 *65 

'25-57 

25-48 

25-40 

25-31 


29 

26-93 

26-84 

26-75 

26-67 

26-57 

26-48 

26-39 

26-30 

26-22 1 


30 

27-80 

27-77 

27 - 67 t 

27-58 

27-49 

27-3!) 

27-30 

27-21 

27-12 1 


31 

28-79 

28-70 

28-59 

28-50 

28-41 

28-30 

28-21 

28-12 

28-02 j 


32 

29-72 

29-62 

29-51 

29-42 

29-32 

29-22 

29-12 

29-02 

28-93 ! 


33 

30-65 

30*55 

30-44 

30-31 

30-24 

30-13 

30-03 

29-93 

29-83 


34 

31-57 

31-47 

31 -36 

31 -26 

31-16 

31 -04 

30-94 

30-84 

30-74 


35 

32-50 

32-40 

32-28 

32-18 

32-07 

31 -96 

31-85 

31 -75 

31-64 


36 

33-43 

33-32 

33-20 

33-10 

32-99 

.32-87 

32-70 

32*65 

32-54 


87 

34-36 

34-25 

34-12 

34-02 

3,3-90 

33-78 


33-56 

33-45 


¥ 

85-29 

35-17 

35 '05 

84-93 

34-82 

34-70 

3i-M‘’ 

34-47 

34-35 


39 

36-22 

36-10 

35-97 

35-85 

35-74 

35-61 

35-49 

3.1-37 

,-i5-28 


40 

37-14 

87-02 

^ 36-90 

36-77 

36-65 

36-52 

36-40 

1 

36-28 

36-16 

‘ 

41 

,';8-07 

37-95 

37-82 

37-69 

37-57 

37-43 

37-31 

37-19 

37-06 


42 

39-00 

38-87 

38-74 

38-61 

38-48 

38-35 

38-22 

38-09 

,37-07 


43 

39-93 

39-80 

,.39-66 * 

39-53 

39-40 

39-26 

39- 13 

40- 04 

39-00 

38-87 


44 

40-83 

40-72 . 

40-39 

40-45 

40-32 

40-17 i 

39-91 

39-78 


45 

41-78 

4r'65 

4*1-51 

4t-37 

41-23 

41-09 

40-95 

40-as 

40-68 


46 

‘42-71 

42-57 

42-43 

42-29 

42-15 

42-00 

41-86 

41-72 

„41-5« 


47 

43-64 

43-50 ^ 

43-35 

43-21 

43-06 

42-91 

42-77 

42-63 

42*49 


48 

44-57 

44-42 

44-27 

44-12 

43-98 

43-83 

43-68 

43-54 

43-39 


49 

50 

45- 50 

46- 43 

45- 35 

46- 28 

45- 19 

46- 12 

45-01 

45-97 

44- 89 *' 

45- 81 

44- 74 

45- 66 

44 - .6 9 

45- 61 

44- 44 ,8 

45- 35 

•44-s# 

45 -iO ^ 

_ 


- 

i 


i ' 



1 . 
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Table for reducing the Volufne of a Gab io o° C^Conikued. 


0“ 

cr 

22" • 

28" 

24" 

26" 

• 

27" 

• 1 

28" 

21)" 

61 

47-36 • 

• 

47*2^ 

47-04 

46*89 

46'79 

46-67 

46*42 

4(?2« 

46*10 

« 62 

48*29 

48*»3 

47496 

,47-81 

47-64 

*47-49 

i17-33 

47-16 

47-01 

63 

49*22 

49*06 

48*89 

48-73 

48*56 

48*401*’ 

49*3^ 

48*24 

’48-07 

47-91 

54 

50*14 

49*98 

'49-81 

49-65 •, 

• 49^8 

49*15 
■ 50 

4>s*98 

48*82 

• 66 

« 

51-07 

^50-91 

M-73 

50-17 < 

50fl9 

5^*23 

49-89 

49-72* 

56 

52*00 

51-83 

*65 

*51*49 

51-31 ’ 

0 51 ,*14.. 
52*05 

'SO-97 

50-79 

50*62* 

67 

52*93 

52-76* 

sl-Ss 


52*22 

r>i%88 

51*70 

51-53 

58 

53*86 

5;i»68 

53*50 

53-3‘i 

53*14 

6-«-97 

52*79 

52-61 

52*43* 

^9 

51-79 

54*6^ 

54*42 • 

54*24 

54*06 

53*88 

53*70 

53-51 

53*34 

fiO 

55-7-2 

55*53 

55-34 

55*16 

54-97 

^-79 

54*61 

54*42 

54*24 

fil 

56-65 

56*46 

56*26 

56*08 

'55-8!-‘ 

55-70 

55*52 i 

55*33 

55-14 

64 

57-58 

67-38 

57-19 

57-00 

.56*80 , 

•8)56*62 

56*43 

56-23 

56*0? 

63 » 

is-51 

58-31 

58*11 

57-92 

■*57-7-2 

57-63 

57-34 

67-14 

56*95 


69*42 

59*23 

•5^7*03 

58*84* 

58*64 

58*44 

58-25 

58*05 

07-86 

65 

6^;^ 

60*16 

69-95) 

59-^6 

69-55 

59*36 

59*16 

58*96 

58-76 

'66 

61*29 

(aips 

60-87 

6om;8 

60-47 

60-27 

60-07 ■ 

>59*86 

59*66 

67 

62*22 

42% 

61*79 

61 *(>6 

61*38 

61*18 


60-77 

00-57 

68 

63*15 

62*93 

62*72 

«2*51 

62*30, 

62*10 

61*89 

61*68 

61-47 


64*08^^ 

63*86 

63*64 

63*43 

63*22 

63*01 

62*80 

62*58 

62*38 

70 

65*00 

64*79 

64*57 

64*35 

64*13 

63*9*2 

63*71 

63*49 

63*28 

71 

65*93 

<5 *71 

65*49 

65*27 

65*05 

64-85 

64-62 

61-40 

64*18 

72 

66*86 

66*64 

06'4-2^ 

66*19 

65*96 

65-75 

65-53 

65*30 

65*09 

73 

67-79 

67-57 

67 *34 

67*11 

66*88 

66*66 

66 M 4 

66*21 

65*99 

74 

68*81 

i3«*49 

68*26 

68*03 

67-80 

67-57 

67-35 

67-12 

66*90 

76 

69-64 

69*^2 

69*18 

68*95 

68-71 

68*49 

68-26 

68*03 

67-80 

76 

70-57 

70*34 

70-10 

09-87 

69*63 

69*40 

69-17 

68*93 

68-70 

77 

71-50 

71-27 

7?-03 

70-79 

70*54 

70*31 

70-08 

69-84 

69*61 

78 

72*43 

72*19 

71 -95 

•71-70 

71 *-16 

71*22 

70*99 

70-75 

>0*51 

79 

73-36 

73*12 

72*87 

72*6*2 

72-38 

72*14 

71-90 

71-65 

71-42 

80 

74-29 

74-04 

73-79 

73-51 

73-30 

73<i5 

72-81 

72-56 

72*32 

81 

f5*22 

74-97 

74-71 

74-40 

74 *22 

73-96 

73-72 

73-47 

73*22 

82 

76*15 

75-89 

75-63 

75*38 

75-13 

74-88 

74-63 

71-37 

74-13 

83 

77-0,8 

76-82 

76*56 

76 -30 

76*05 

75-79 

75 -54 

75-28 

75-03 

84 

78-00 

77-74 

77-48 

77*22 

76-96 

76-70 

76-45 

76-19 

75*94 

85 

78-93 

78-67 

78*40 

• 

78*14 

77-88 * 

77-62 

77-36 

77-10 

76-84 

86 

79-SG* 

79*59 

79-lft 

79*06 

78-80 

78*53 

78-27 

78-00 

77-74 

87 

80-79 

SO-j-J 

••80*25 

79*08 

79-71 

79-14 

79*18 

78*91 

78-65 

88 

81-72 

81^4 

81-17 

80*90 

80*63 

80*36 

80*09 

79*82 

.79*55. 

80*46^ 

89 

82*65 

82-37 

82*09 

81*82 

81-55 

81-27 

81*00 

80-72 

90 

83*57 

83*30 

83*02 

82-74 

82*46 

82*18 

» 

81*91 

• 

81*63 

81*36 

• 

91 

84*50 

84*22 

83*91 

83*66 

83-38 

83*09 

82-82 

82*54 

,82*26 

92 

85*43 

85*15 

84*86 

84*58 

84*29 

84*01 

83*73 

83*44 

83-17 

93 

86*36 

86*08 

85-79 

85*50 

85*21 

. R#92 

a4*64 

81-35 

84-07 

94 

87-28 

. 87-0« 

8671 

86*42 

8$*13 

85*83 

8V55 

80-26* 

84*98 

95 

88 *141 

87*93 

87*63 

87*34 

87-04 

86*75 

• 86*46 * 

86-17* 

85*88 

96 

89*14 

88*85 

88*55 

88*26 

87-96 

87*66 

87*37 

87 - 07 ’ 

8*6-78 

. w 

%-07 

89*78 

89*48 

89*18 

88*87 

88*57 


87-98 

87-69 

98 

91 -00 

90*70 

90*40 

90*09 

89*79 

^89*48 

89*9 

88-89 

88-59 

9) 

.9i-93 

91*63 

91-3* 

9t*01 

90-71 

90*40 

90*10 

89-79 

89*50 

4I^100» 

9‘>86 

92*55** 

♦- 

^■24 

■ *- 

91*93 

91*62 

- 

91*31 

91*01 

90*70 

—— 

90-40 
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TABl'e III. 

Table for r^iiucing the Volumeftx*' a Gas to 760 mm. Pressure. 

For temperatures between o'* and 12 °, deduct i mm. from the barometer pressure; 
bet\^^.^en ij and 15 “, ? mm.; between 20 " and 25 °, 3 mm. 


760 

a * 

710 

712 

.714 

V6 “ 

718 

720 

< 

^22 

‘*,.124 

726 

728 ^ 

1 

0-934 

0 - 937 ' 

, 0.-94iy- 

0-91-2 

- 0-S^5 

0-947 

0-9f>0 

0-953 

0-955 

0-95^ 

^ 2 

1-868 

1*874^ 

1-879 

(1-884 

1-890 

f 1 -895 

‘if 00 

l-90f 

1-911 

, 1-916 

3 

2-803 

2*810 

2-818 

I2-S‘.'6 

2-831 

2-842 

14/150 

2-858 

•2-866 

2-874 

4 

.3-738 

, 3-747 

*3-758 

*.3-768 

3-779 

3-789 

,3(f(00 

3*810 

3-821 

3-832 

, 6 

4-672 

4-685 

4-697 

|..4-7U 

4-721 

o4f36 

4-750 

4;763 

4-777 

4-790 

6 

,6-607 

5-621 

5-6,37 

5-653 

5*669 

5-68* 

5*700 

f.5-7l6 

5-732 

5 - 7,47 

7 

6-540 

6-558 

6-577 

,6-595 

6*614 

G-631 

6*650 

6-668 

6-687 

6-705 

8 

7-474 

' 7-49,» 

7-516 

7-537 

7'558 

7-578 

7-600 

7-021 

7-642 

7-«.’3 

9 

8-409 

8-1-31, 

8-456 

8-47£^ 

8-503 

8-524) 

8*550 

8-573 

8-598 

8-621 f 

to 

9-34 

9-37 

9-40 

9tt! 

9 -,-15 

9-47 

9-50*' 

9-53 

9-55 

4^58 

11 

10*28 

10 -.31 

10-34 1 

10-36 

10-39 h 

10-42 

(.10-Iff 

10-48 

10 - 61 ' 

1^4 

12 

11-21 

11-24 

11-27 

11-30 

11-34 

11-37 

11*40 

11-43 

11^6 

iiTo 

13 

12-14 

12-18 

12-21 

12-21 

12*28 

12-31 

12*35 

12-38 


12-45 

14 

13*08 

ic>;2 

13-16 

13-19 

13-23 

13-26 

13*30 

1^34 

13-37 

13-4^ 

15 

14*02 

14-06, 

14-10 

14-13 

14-17 

“'14-21 

14*25 

1^-2? 

14-33 

14-37 

16 

14-95 

14-99 

15-03 

15-07" 

15*11 

15-15 

15*20 

15-24 

15-28 

1V33 

17 

15-88 

15*93 

15-98 

16-02 

16-06 

16-10 

16-15 

16-19 

16-23 

16-28 

18 

16-82 

16-87 

76-92 

16-96 

17-01 

17-05 

17-10 

1,7-15 

17-19 

17-24 

19 

17-76 

17-81 

17-86* 

17-90 

17-95 

18-00 

18-05 

18-1(' 

18-15 

18-21 

20 

18-68 

18-74 

18-79 

18-84 

18-90 

18-95 

,10-00 

19-05 

19-11 

19-16 

21 

19-62 

10-68 

19-73 

19-73 

19*84 

19-90 

19-95 

20-00 

20-06 

20-12 

22 

20-55 

20-61 

20-67 

20-72 

20*78 

20-81 

20-90 

20*96 

21-01 

21-07 

23 

21-49 

2] -55 

21-61 

21 -66 

21*73 

21-79 

21 -85 

2(*91 

21 -97 

22*03 

24 

22*43 

22-49 

22-55 

22-61 

•2*2 68 

22-74 

22-80 ' 

22*86 

*99, 

22*99 

25 

23*35 

23-42 

23-49 

23-55 

23*62 

23-69 

23,-7r, 

23*81 

23*83 

23*95 

26 

24-29 

24-36 

24-43 

21-50 

24*57 

24-ffl 

24*70 

21-77 

24*83 

2-t*90 

27 

25-23 

25-30 

25-37 

25-44 

25*51 

•25*r.8 

25*65 

25*72 

25*79 

25-86 

28 

26-16 

26-23 

26-30 

26-37 

26-45 

26-53 

*26-60 

26*67 

26-74 

26*82 

29 

27-10 

27-17 

27-24 

27-31 

27-40 

27-48 

27-55 

27-62 

27-70 

26-78 

30 

28-03 

28-10 

28-18 

28-26 

28-34 

28-42 

28-50 

28-58 

28-Ct? 

28*74 

31 

28-97 

29-04 

29-12 

29-20 

29-29 

29-37 

29-45 

29-53 

29*62 

29-70 

32 

29-90 

29-98 

30-06 

30-14 

30-23 

30-32 

30-40 

30-18 

30-57 

30*66 

33 

30-83 

30-91 

31-00 

,31-0.<i 

.31-17 

31-26 

31 -35 

31 -43 

31-52 

31*61 

34 

.31 -77 

31-85 

31-94 

32-03 

32-12 

32-21 

32-^0 

32-39 

32-48 

32-57 

35 

32-71 

32-79 

32-88 

32-97 

33-07 

33-16 

33-25 

,.33*34 

• 33-44 

33-53 


33-64 

33-73 

33-82 

33-91 

34-Oi 

34-10 

34-2^ 

.3'V29 

. 34-39 

34-49 

‘37 

34-57 

34-66 

34-76 

34-86 

34-96 

35-05 

35-15 

35-25 

35*35 

35-45 

38 

35-50 

35-60 

35-70 

35-80 

35-90 

36-00 

36-10 

36*20 

36*30 

36-40 

j 39 i 

36-44 

36-54 

56-64 

36-<; 

36-85 

36-95 , 

37-05 * 

37-15 

37-‘26 

37-37 

! 40 

<37-38 

37-48 

.37-58 

37-68 

37-79 

37-89 

38-00 

3S-10 

38*21 

38-32 

1 41 

38-31 

38-41 

38-52 

w38-62 

.38-74 

38-84 

38-95 

.39-05 

39-17 

39-28 

42 

39-23 

39-35 

l'9-46 

39-57 

39-69 

39-79 

39-90 

(•0-01 

40-12 

40-23 

43 

40-.18 

40-29 

4Q,-40 

40-51 

t0-G2 

40-7,3 

4(785 

40-96 ^ 

41-08 

41-19 

44 

41-11 

41-22 

41-34 

41-44 

41-56 

41*68 

41-80 

41-91 

4*2-03 

42-16 

45 

42-to 

42-16 

42-28 

42-39 

42-52 

42*63 

42-75 

42-87 

42-99 

43-11 

46 

42-98 

43-10 i 

43-22 

43 *34 

43-46 

43*58 

43-70 

43-82 

43 * 94 '' 

44-06 r 

47 

43*91 

44-03 

44-15 

44^27 

44*40 

4;i*52 

,44-65 

■14-77 

44*90 

45-03 

48 

44*84 

44-96 

45-09 

45 -22 

45*35 

45*47 

45-60 

r 45-72 

45-»* 

49-9%^ 

49 

45-78 

45-91 

46-04 

46-17 

46-30 

46-42 

46'tt5 ' 

46-67 

46-80 

l6-94^ 

50 

46-72, 

46-85 

t 

48-97 

• 

47-11 ^ 

47-24 

47-36 

47 -5j) 

47-6% 

47-77 

47-90 



APPENDIX 673 


Tabie for reducing the .Voiumb of a Gas^d 760 n^pi.— Continued. 


760 

ao 

712 ; 

714 

710 

718* 

720 

722 

• 

724 

4 

720 

728 

51 

47-05 

• 

•47-79 « 

47-92 

48-05 

48-18 

46-31 

48-45 

48-59 

t8tf3 

48-86 

•l 62 

48-58 

48-72» 

48-85, 

48-99 

49-13 

i9’U 

49-^ 

50^ 

49-54 

49-68 

49-82 

63 

49-52 

49-66 

49-79 

49-93 

50-07 

50-21 

60-48* 

50 •64- 

50-78 

54- 

50-45 

50-59 

60*73 

50-87 

6%«1 

• 51-16 

5*-30 

4»l-44 

*51-59 

51-73 

• 55 

51-38 

51-53 

• 

51-07 < 

61-82 

61f*96 

•62-10 

62-25 ' 

42-39 

52-54 

52-6» 

56 

52-32* 

52-47 


52-76 

52-91 

SSt-Ofl* 

53#20 , 

ti3-35 

53-50 

53-es 

57 

53-25 

53-41 

53-5^* 

53-^ 

53-85 

54-00 * 

54-15 

■54-30 

54-45 

54-60 

58 

54-19 

54-34 

54-49 

54-64. 

^>4-79 

54-94 ' 

55-10 

55 '25 

55-41 

55-56 

69 

55-13 

55-28 

55-43 

45-59 

55-74 

55-89 

56-05 

56-21 

56-37 

56-52 

60 

66-07 

56-22 

56-37 

56 63 

56-69 

56-84, 

57-00 

67-16 

,57-32 

57-47 

61 

57-00 

57-15 

57-31 

5;-47 

57-63 

»7-79 

57-95 

Q8-il 

58-27 

58-43 

0% 

57-93 

58-09 

r^-25 

58-11 

58-58 

58-41 

58-90 

"9-06 

59-23 

5 9-*9 

63 ' 

' ^-87 

59-03 

59-19 

59-35 

59-“2 

59-68 

59-85 

XO-80 

60-01 

60-18 

60-35 

SiV. 

59-80 

59-96 

60#15T 

• 60-30 

«0-l7 

60-63 

60-97 

61-14 

Cl-30 1 

65 

aoi^ 

60-90 

61-07 

61-24 

61-41 

61-58 

61-75 

01-92 

62-09 

62-26 

*66 

01-07 

01-^* 

62-01 

62-18 ' 

62-35 

62-52 

62-70 

62-8»» 

63-05 

63-22 

67 

62-60 

0 - 247 /® 

62-95 

63-12 

63-30 

63-47 

63-65 

63;82 

64-00 

64-18 

68 

63-54 

63-71 

63-89 

61-06 

64-24 

(U-42 

64-60 

64-78 

61-96 

65-13 

69 

04-47 

t64-65 

64-83 

65-01 

65-19 

65-37 

65-55 

65-73 

65-91 

66-09 

70 

05-40 

65-58 

65-77 

Gj-95 

66-14 

66-32 

66-50 

66-68 

66-87 

67-05 

71 

66-34 

60i52 

66-71 

66-89 

67-08 

*67-26 

07-45 

67-63 

67 -82 

68-01 

72 

67-27 

67-40 

67-65* 

^,7-83 

63-02 

68-21 

68-40 

68-59 

68-73 

68-97 

73 

68-20 

68-39 

68-58 

68-77 

68-97 

69-16 

69-35 

8)9-54 

69-73 

69-92 

74 

69-14 

69-33 

69-53 

69-72 

69-92 

70-Jl 

70-30 

70-49 

70-69 

70-88 

75 

70-07 

79-27, 

70-47 

70-66 

70-86 

71-05 

71-25 

71-M 

71-64 

71-84 

76 

71-01 

71-21 

7*1-41 

71-60 

71-80 

72-00 ' 

72-20 

72-40 

72-60 

72-80 

77 

71 -94 

72-14 

72-3» 

72-54 

72-75 

72 95 

73-15 

73-35 

73-55 

73-75 

78 

72-87 

73-07 

73-28 

73'48 

73-69 

73-89 

71-10 

74-30 

74-.51 

74-71 

79 

73-80 

74-01 

74-22 

74-42 

74-63 

74-84 

75-05 

75-25 

75-46 

75-67 

SO 

74-74 

74-94 

75-16 

75-87 

75-58 

75-78 

76-00 

76-21 

76-42 

76-63 

81 

7»-67 

75-88 

76-10 

76-31 

76-53 

76-74 

76-95 

77-16 

77-37 

77-58 

8‘2 

70-60 

76-82 

77-01 

77-25 

77-47 

77-68 

77-90 

78-11 

78-33 

78-54 

S3 

77-54 

77-76 

77-98 

78-19 

78-41 

78-63 

78-85 

79-07 

79-28 

79-50 

81 

78-47 

78-69 

78-91 

79-13 

79-35 

79-57 

79-80 

80-02 

80-24 

80-46 

85 

79-41 

79-63 

79-86 

• 

80-08 

80-31 

8(7-53 

80-75 

80-97 

81-19 

81-41 

86 

80-34 

•80-57 

80-80 

81-02 

81-25 

81-47 

81-70 

81-92 

82-15 

82-87 

87 

81-2S 

81-60, 

8’ 74 

81-96 

82-19 

82-42 

82-65 

82-87 

83-10 

83-33 

88 

82-21 

82-44 

82-68 

82-90 

83*13 

83-36 

83-60 

83-83 

84-06 

84- ^ 

85- # 

89 

83-15 

83-38 

83-62 

83-85 

84-08 

84-31 

84-55 

84-78 

85-02 

90 

84-09 

84-31 

84-56 

• 

81-79 

85-03 

85-26 

•• 

85-50 

85-73 

85-98 

86-21 

*1 

91 

85-02 

85-25 

85-50 

85-73 

85-98 

86-21 

86-45 

86-69 

86-93 

87-17 

n 

85-95 

86-19 

86-44 

86 08 

86-92 

87-16 

87-40 

87-61 

87-89 

88-13 

93 

86-89 

87-12 

87-38 

87-62 

87-87 

88-11 

' 88-35 , 

88-59 

88-81 

89-08 

94 

87-82 

88-06 < 

88-82 

88-56 

88-81, 

89-05 

89-30 

'•89-54 

89-?0 

90-04 

95 

88-76, 

89-01 

89-26 

89-50 

89-75 

90-00 

90-2* 

90-50 

90-75 

91-00 

9/ 

89-69 

89-94 

90-20 

90-45 

90-70 

90-95 

91 -20 

91-45 

91*70 

*91-95 

9t)-62 

90-87 

91 -] 3 

91 -38 

91-64 

91 -89 

92-15 

,92-40 

*3-35 

92-66 

92-91 

98 

91-56 

91 -82 

92-07 

92-33 

,92-59 

92 

93-10 

93-62 

93-87 

98 

42019 

92-76 

1 03-01 

* 93-2# 

93-53 

93-:^ 

94-05 

94-31 

94-57 

94-83 

K^lOO* 

93-42 

93-68 

^03-45 

94-21 

94-47 

91-74 

95-00 

95-26 

95-53 

- 

95-79 
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Table for reducing tfie Volume‘of a Gas to, 760 mta.—CondHued. 


700 

780 

> 

782 

784 

. 7SG 

r 

738 

740 

743 

744 

740 

748 

1 

0-9bl 

0*963 

0*966 

0-968f 

0-971 

0*974 

0*976 

^0*979 

0*982 

0*934 

2 

1*921 

1*926 

1^^2 

1 937 

1*942 

1*947 

:-953 

1*958 

1*963 

rDC"' 

3 

2*882 

‘!i*889 

2 ^>8 

2*905 

2*913 

2*921 

2-9-49 

2*937 

2*945 

2*953 

4 

3*842 

3*852 

^3*864' 

3-874 

3‘mn 

3*895 

3 *905 

3*916 

3*9*26 

3-937 

■ 5 

4*803 

4*816r 

4*830 

*4*842 

4-855 

i4*863 

4;g32 

4-895, 

4*908 

.4*921 

■ 6 

5'763 

5-779 

"5*7:j 

*5 *810 

5*826 

5*842 


5*874 

5*890 

.5*905 

7 

6-724 

6*712 

6*762 

,6*779 

6-797 

.6*^16 

C-jl34 

6*853 

6*871 

6*889 

'*8 

7-684 

7-705 

7-7'28 

"7-747 

7-708 

• 7*790 

7*810 

7'832 

7-853 

7-874 

0 

8*645 

8*668 

8*693 

8*710 

8-739 

S-7ti3 

8*787 

;8*8U 

8*834 

8 *8^18 

10 

9*61 

9*63 

9*66 

P*6S 

9-71 

9*71 

9*76 

9*79 

9*82 

9*84 

11 

10*57 

10*79 

10*62 

10*65 

10*68 

10*71. 

10*74 

10*77 

10*80 

10*82 

U 

11 *58 

11*56 

11*59 

11\2 

ii*r5 

11*68 

11-71' 

11*75 

11*78 

irsi 

13 

12*49 

12*52 

12*55 

12*59 

12*62 

12*66 

12*69 

12*73 

12-701 

,2*79 

U 

13*45 

13*48 

13*52 

13*56 

13*59 

13*63 

U3-C0 

13*70 

13*74 

]3KZ 

16 

14*41 

14*44 

14*48 

14*52 

14*56 

n-60 

14 *64 

14*69 

14:71 

14-77 

16 

15*37 

15,'U 

15*45 

15*49 

15*53 

r5*58 

13-02 

15^'? 

15*71 

15-75' 

17 

16*33 

16*37, 

16*41 

16*46 

16*50 

16-.55 

16*60 

16 6.'l 

16*69 

16*73 

18 

17*29 

17*33 

17*38 

17*13 

17*47 

I7*i.2 

17*57 

17*62 

17-07 

17*72 

19 

18*25 

18*29 

18*36 

18*40 

18*45 

18*50 

18*55 

18*60 

>.*.8*65 

18'*70 

20 

19*21 

19*26 

19*32 

V 

19*37 

19*12 

19*47 

19*53 

19*58 

19*63 

19*68 

21 

20*17 

*20*22 

*20*28 '* 

20*31 

'20*39 

■20-14 

20-50 

20-54 

20*61 

20*66 

22 

21*13 

21*19 

21 *25 

21*31 

21 -.36 

21*42 

>21*48 

21 *54 

21*59 

21 *65 

23 

22*09 

22*15 

22*21 


22*33 

22 *.‘59 

‘22*45 

22*51 

22-67 

22*61 

24 

23*05 

23*11 

•23*18 

2.3*24 

23*30 

23 *36 

23*13 

23*50 

23*56 

23*63 

25 

24*01 

24*07 

24*14 

24*21 

21*27 

24*34 

•24*41 

21 4S 

24*54 

24*61 

26 

24*97 

25*04 

25-n 

25*18 

25 24 

‘25*31 

25*38 

25*45 

25-.52 

25*59 

27 

*2.5*93 

26*00 

26 07 

26*14 

20*21 

26-28 

26*36 

26*43 

26*50 

26*58 

28 

26*89 

26*96 

27*01 

27*12 

27*18 

•21-M 

27*33 

27-11 

27*48 

27*56 

29 

27*85 

27*92 

28*00 

28 -0^ 

28*15 

28 -23 

28*31 

28*39 

28*47 

28*55 

30 

28*82 

28*89 

28*97 

29*05 

29*13 

29*21 

29*29 

29*37 

29*45 

29*53 

31 

‘29-78 

29*86 

29*94 

30*02 

30*10 

30*18 

30*26 

30*35 

30*43‘' 

30*r.l 

32 

30*74 

30*82 

30*91 

30*99 

31*07 

31*15 

31 *21 

31*33 

31*41 

31*50 

33 

31-71 

31*78 

31 *87 

31*96 

32*04 

32*13 

32*21 

32*30 

32*3^ 

32*48 

34 

32*66 

32*75 

32*84 

32-9;^ 

33*01 

33*10 

33*19 

33*28 

33-37 

33*46 

35 

33*62 

33*71 

33*80 

33*89 

33*38 

34-07 

31*17 

34*27 

34*36 

34*45 

86 

34*58 

34-67 

34-77 

34*86 

34-95 

35*05 

35*15 

,35*25 

-*•> 

35*34 

35*43 

37 

35*54 

35*63 

35-73 

35*83 

35-9? 

36*02 

36*12“ 

3?*22 

36*32 

36*42 

,38 

36*50 

36*60 

36*70 

36*80 

36*90 

37*00 

37*10 

37 20 

37*30 

37*40 

39 

37*47 

37*57 

37*67 

37*77 

37*87 

37*97 

38*07 

38*18 

38*28 

38*39 

40 

38*42 

38*52 

38*64 

38-74, 

38*84 

,38*95 

39*05 

39*16 

39*26 

39-37 

41 

€9 *38 

39*48 

39*60 

39*71 

39*81 

39*92 

40*02 

40*14 

40*24 

40*36 

42 

40*34 

40*44 

40*56 

40*68 

40*78 

40*89 

41*00 

41*12 

41*22 

41*34 

43 

41*30 

41*46 

4V53 

'41*64 

41-76 

41*80 

41-97 

42*10 

42*20 

42*32 

44 

42-27 

42*38 

M2*50 

42*62 

42*73 

42*84 

42.*95 

43*07 

43*18 

43*30 

45 

43-i-2 

43-34 

43'46 

43*58 

43*69 

43*81 

43*93 

44*06 

41.-17 

44*29 

46 

’44*18 

44*30 

44*42 

44*54 

44*66 

44*78 

44*90 

45*03 

45*15, 

46,-27 

47 

45*15 

45*26 , 

45*39 

45*52 

45*64 

45-76 

45*88 

46*01 

46*13 ' 

46*26 

48 

46*10 

46*23 

46*36 

46*^9 

46*61 

46*73 

46*85 

46*99 

47*12 

47*24 

49 

47-06 

47-19 

47-32 

47*44 

47-57 

47-70 

'47-83 

,47-97 

48 -Id • 

48*23 

60 

48*03 

—_ L. 

48*18 

48*30 

48*42 

48-55 

48*68 

48*02 

48*95 

_L_ 

49-(Js 

49*21 
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738 

•H 

740 
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744 ^ 

74(i 
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51 
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*49-26 

49*39 
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49-79 ^ 

49*93 

50 -(To 

50*19 


’■>'12 

49*96 

50-08 

50-2-2 ' 

50*31 

50*49 

r>o-63r 

50-7*l» 

50*91 

^•51-04 4 

51*18 


53 

60-91 

51*05 

51 *1^ 

51*33 

51:46 

.51-00 
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51 *89 

52-02 

.52*16 

• 
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51-87 
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#52-87 
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5;) 
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1 

00 
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53*27 
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■3*55 

^.63-70 
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53-99 
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56 
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54*37 
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•r.l-S3 
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57 

64-76 
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.55*65 

55*80 
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• 

58 
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56-02 

56*17 
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56*47 

'-56-63 
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56-93 
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56*99 
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57-70 

57*92 
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r 
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^8*90 
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58-75 
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‘ 
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61*02 
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61 *68 
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65 
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62-94 
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• 

63*46 

63-61 
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^0 
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63-91 
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64-26 
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07 
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06 •8*2 
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68-71 
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71 
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68 -58 

, 68-76 

6S-91 

69-13 

69-32^ 

69-51 

69-69 

69-88 


72 
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69 35 

69-54 
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69 92 

70-11 

70-80 

74>-19 

70-68 

70-86 


/'J 

70-12 

70-31 

70-51 

70 69 

70-88 

71-08 

71-27 

71-17 

71-66 

71 -85 


71 

71-08 

71 -iS 

71-48 

71-66 

71 -85 

72-05 

72-25 

72-15 

72-61 

72-83 


75 

72-01 

72-24 \ 
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72-0-1 
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73-02 

73-22 
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70 

73-00 
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71-20 
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77 

73*90 

74-17 
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71-57 

71-77 

74-97 

75-JS 

75-39 

75-59 

75*79 


78 
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75-12 

75-33 
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75-71 

75-95 

76-10 

76-37 
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70-77 


79 
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76-09 
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76-50 
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77-13 
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77-05 
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81 

77%0 
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78-87 
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79-72 


82 
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80*06 
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83 
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80-16 

80-38 
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81-01 

81*26 

81-48 

81*69 


84 
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82-46 
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85 

81*64 
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82-99 
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83-66 


86 
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83*50 
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87 
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81*71 

81-94 
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85*10 
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88 
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•85-00 
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85*15 
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89 
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87-13 
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00 
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86*93 

• 
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87-6i 
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92 
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88-61 
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98 
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94*39 
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Table for rriducin^'f^e Volume, of a Gas 760 mm— CotMnwd. ^ 


700 

750 


,764 

• 756 

768 

762 

764 

766 

7fli 

770 

1 

0-687' 

0-989 

0-992 

0-99!{ 

0-997 

1-003 

1-005 

''1-008 

1-011 

1-013 

2 

1-974 

.,1-979 

V;9a4 

P989 

1-995 

2-4105 

^2-011 

'2-016 

2-021 

2 -oy‘J 

3 

2-960 

2-968 

2-976 

2-984 

2-992 

3-007 

3-ai6 

3-024 

3-032 

3-039 

^ 4 

3 •947c 

3-95^ 

3-9^8 

3-979 

' 3t*0 

4-010 

4-i)'ai 

4-032 

4-042 

4-052 

‘ 5 

4-934 

4-91J 

4-960 

t 4-974 

4-957 

« 5-013 

"5p6 

0-04fl 

5-053 

, 5-066 

6 

rr921 

5-937, 

«>5'5.V2 

V Ti/Ofes 

5-984 

6-016 

/\i 

, #032 

6-047 

6-063 

6-079 

, 7 

6-908 

6-9-26 

6-911 

, 6-963 

6-982 

, 7'018 

f-037 

7-055 

7-074 

7-092 

8 

7-984 

7-916 

7-936 

'■ 7-958 

7-979- 

8-021 

8-042 

A-063 

8-084 

8-106 

9 

8-881 

8-905 

8-929 

8-952 

8-977 

9-026 

9-048 

r 9-071 

9-095 

9-iJ19 

10 

9-87 

9-89 

9-92 

f9-95 

9-97 

10-03 

10-05 

10-08 

10-11 

10-13 

,n 

10-85 

lO'ilS, 

10-91 

10 - 94 '' 

10-97 

11-OK 

11-06 

11-09 

11-12 

11-14 ‘ 

12 

11-84 

11-87 

11-90 

ir^t 

llf07 

12-04 

12-07 

12-10 

12-13 

1*2-16 

13 

12-83 

12-86 

12-89 , 

12-93 

12-96 

13-01 

13-07 

13-10 

13-lf‘ 

^13-17 

11 

13-82 

13-85 

13-88 

13-92 

13-96 ‘ 

14-04 

“^I4-0'7 

14-H 

14-16 

M17 

15 

14-81 

14-81 

14-87 

14-92 

14-96 

45-04 

15-08 

15-12 

15-16 

15-19 

16 

15-79 

W-83 

15-87 

15-91 

15 -95 

-16-05 

16-09 

l/s.-.S 

16-17 

16-21 

17 

16-78 

16-82 

16-86 

16-91 

16-Or*. 

17-05 

17-09 

17-11 

17-18 

17-22 

18 

17-77 

17-81 

17-85 

17-90 

17-95 

i8>or> 

18-10 

18-15 

18-19 

18-23 

19 

18-75 

18-80 

18-85 

18-90 

18-95 

19-05 

19-10 

19-15 < 

19-20 

lS-25 

20 

19-74 

19-79 

,19-84 

19-89 

19-95 

20-05 

20-11 

20-16 

20-21 

20-26 

21 

20-72 

20-77 

20-83' 

20-89 * 

20-91 

21 -05 

‘ 21 -n 

ai-f/ 

21-22 

21-27 

22 

21-71 

21 -76 , 

•21 -82 

21 -88 

21-91 

•22-06 • 

22-12 

22-18 

22-23 

22-28 

23 

22-70 

2‘2-75 

‘22-81 

22-88 

‘22-91 

23-06 

23-12 

23-18 

23-24 

23-30 

21 

23 69 

23-74 

23-80 

23-87 

23-93 

24-06 

24-13 

24 -1.0 

24-2.3 

24-31 

25 

24-67 

•21-73 

24-80 

24■^S7 

21-93 

25-06 

25-13 

i.) -20 

25-26 

25-32 

26 

25-66 

2ri-72 

25-79 

25 -86 

25-93 

26-06 

26-H 

26-21 

26-27 

26-34 

27 

20 -65 

26-71 

26-78 

26 -86 

26-93 

27-07 

•a7-]f, 

27-22 

27-28 

27-35 

28 

27-63 

27-70 

27-77 

27-85 

27-9-> 

as-7)7 

2S-15 

28-23 

28-29 

28 -36 

29 

28-62 

28-69 

‘23-76 

28-84 

28-92 

29-07 

29-16 

29-24 

29-30 

29-37 

30 

29-60 

29-68 

29-76 ' 

29-84 

29-92 

30 07 

30-16 

30-24 

30-32 

30-39. 

31 

30-59 

30-67 

30-75 

30-81 

30-92 

31-08 

31-17 

31-25 

31-nil 

31-41 

32 

31-58 

31 -66 

31-74 

31-83 

31 -92 

32-08 

32-17 

32-26 

32-31 

32-42 

33 

32-56 

32-65 

32-73 

32-82 

32-91 

33-08 

33-18 

33-27 

33-35 

33-43 

31 

33-55 

33-64 

33-73 

33-82 

33-91 

34-09 

31-18 

34-28 

34-36 

34-45 

35 

34-54 

34-63 

31-72 

34-82 

34-91 

35-09 

35-.19 

35 -28 

35-37 

35-16 

36 

35-52 

35-62 

35-71 

35-81 

35-91 

36-09 

’36-19 

36-29 

36-38 

36-47 

37 

36-51 

36-61 

30-71 

36-81 

36-90 

37-09 

37 -So 

07-30 

37-39 

37-49 

c 38 

’37-50 

37-60 

37-70 

37-80 

37-90 

3S'10 

38-20 

38-30 

38-40 

38-50 

39 

38-49 

38-59 

38-69 

38-80 

38-90 

39-10 

39-24 

39-31 

39-41 

39-51 

10, 

39-47 

39-58 

.39-68 

39.J.9 

39-90 

40-10 

40-21^ 

40-32 

40-4-2 

40-52 

41 

40-46 

40-56 

40-67 

40-79 

40-89 

41-11 

41-22 

41-33 

41-43 

41-54 

42 

41-44 

41 -55 

41-66 . 

41-78 

41-89 

42-11 

42-22 

42-34 

42-44 

42-55 

43 

42;43 

42-54 

M2-66 

42-7S 

42-89 

48-11 

43-23 

43-35 

43-4.5 

43-56 

44 

43;42 

43-53 “ 

43-65 

43-77 

‘13-89 

44-12 

44--23 

44-35. 

44-46 

44-58 

45 

44-40 

44-52 

44-64 

44-76 

44-88 

45-12 

45-24 

45-36 

45-47 

45-09 

46 

45-39 

45-51 

45-63 

45-76 

45-88 

46-12 

46-24 

46-36 

46-4,8 

^6-60 

47 

46-38 

46-50« 

46-63 

46-76 

46-88 

47-1 a 

47-25 

47-38 

47-49 

47-61 / 

48 

47-36 

47-49 

47-62 

47'-75 

47-87 ■ 

48-13 

48-25 

48-39 

48-51 

48-63 

49 

48-35 

48-48 

48-61 

48-74 

48-87 

1V13 

49-26 . 

49-40 

49.^2/ 


60 

49-34 

49-47 

49-60 

49-74 

%. 

49-87 

60-18 

50-26' 

50-40 

* 

60-53 

"eo-es 
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TOO 

• 

T60 

752 

• 

754 

750 

758 

762 , 

* 764 • 

700^ 

708 

770 

r,61 

60-33 

« 

60*46 

• 

1 60-60 , 

60-74 

60-87 

6*-11 

61-27i 

51-41 

5I-I4 

51-67 

*62 

61-32 

61-46 

61*69 

61-75 

51-87 

52*14 

R 2 -Kr 

52-42 

r 52-55, 

52*68 

63 

52*30 

62*44 

52**8 

52-73 

^^6 

,53*14 

M.-28 

53*42 

53*56 

63-70 

*64 

63*29 

53*43 

53*57 

. 63-72 

^4-14 

54*28* 

• 54*43 

?.4-fi7 

64-715 

66 

64-28 

6#42 

54 *51 

54-Jl 

•54*86 

55*15 

; 55*29 

J 5-44 

55-58 

66-73 

66 

65-26 

65-41 


• 65-71 

55-86 

56a? 

f 66-2? 

’ 06-15 

56-59 

56-74 

57 

56*25 

66-40. 

56*55 

56-75 

’ 56-85 

57*15 

1 57-30 

57*45 

57-60 

67-7« 

68 

67-24 

57-39 

. 67-54 

SJ-GO 

67-85 

58-15 

' 58-30 

58*46 

58-61 

68-77 

• 69 

58-22 

58*38 

58*53 

58-()9 

58-85 

59-16 

59-31 

r.9-47 

59-62 

69-78 

m 

59-21 

59-37 

59-62 

59-68 

49 8jl 

60*16'* 

eVio 

60*32 

60*47 

• 

.60-63 

60-79 

61, 

60*20 

60-36 

6(V52 

60^8 

60*84 

61-82 

»l-f8 

61*64 

‘61-ai 

62 

.61J9 

61 -35 

61 *51 

61-67 

61-81 

62*16 

62-33 

62-49 

62-65 

62*82 

62. 

62^7 

62-31 

62*i0* 

J)2-67 

4-1-83 

63*17 

•63-33 

63-50 

03-67 

63*84 

64 

63 *^6 

63-33 

63*49 

63 ’66 

63-83 

64-17 

04-34 

61-51 

64-08 

64*85 

65 

# 

64*15^ 

64-32 

61-49 

61-66 

64-83 

, 65-17 

65-34 

65-51 

65-69 

65*86 

66 

65-13 

65-^i* 

^ 65-48 

65-65 

■o5-82 

66-17 

66-35 

• 4 

66-52 

66-70 

66-88 

67 

66*12 

66-30 

66-47 

66-64 

60-82 

67*18 

67-35 

67*53 

67-71 

67-89 

68* 

67-10 

^7-29 
68-28 

67-46 

67-64 

67-82 

68*18 

08-36 

68-51 

68-72 

68*90 

69 

68-09 

68*45 

68-63 

68-82 

69*18 

69-36 

69-51 

69-73 

69*91 

70 

69*08 

69-26 

69-44 

69-63 

69-82 

70-18 

70-37 

. 70-55 

70-74 

70-92 

71 

70-07 

70-25 

70-43 

70-62 

70-81 

71-19 

71-37 

71-56 

71 -75 

71-94 

72 

71-05 

71-24 

71-13 

71-62 

71-81 

72-19 

72-38 

f2-57 

72-76 

72*95 

73 

72-04 

72-23 

73^2. 

72*42 

72*61 

72-81 

73-19 

73*38 

73-67 

73-77 

73-97 

74 

73-03 

73*41 

78-61 

73-80 

74-19 

74-39 

74-58 

74-78 

74-93 

76 

74-01 

74-21 

74-40 

74-60 

74-80 

75-20 

75-39 

75-59 

75-79 

76-99 

76 

75-00 

75-20 

75-40» 

75-60 

75-80 

76-20 

76-10 

76-60 

76-80 

•’7-01 

77 

75*99 

76-19 

76-39 

76-50 

76-79 

77-20 

77-40 

77-60 

77-81 

78*02 

' 78 

76-97 

77-18 

77-38 

77-58 

•77-79 

78-20 

78-41 

78-61 

78-82 

79*03 

79 

77-96 

78-17 

78-37 

78-58 

78-79 

79-21 

79-41 

79 6-2 

79-83 

80*04 

• 80 

78-91 

79-16 

79-36 

79-68 

79-79 

80-21 

80-42 

80-63 

80-81 

81*06 

81 

79*93 

80*15 

80-35 

80-57 

80-79 

81-21 

81-42 

81-64 

81*85 

82-07 

82 

80-92 

81*14 

81 *35 

81*56 

81 -78 

82-21 

82-43 

82-65 

82-87 

83*09 

83 

81*91 

82-13 

82*31 

82-56 

82-78 

83-22 

83*44 

83-66 

83-88 

84*10 

84 

82*90 

83*12 

83-34 

83-56 

83-78 

81*22 

84-44 

84-66 

84-89 

85*11 

85 

83*88 

^4*11 

81-lR 

8-1*55 

84-78 

85-22 

85-45 

85-67 

85*90 

8613 

86 

84-87 

85*10 , 

•85-32 

85-55 

85-78 

86-22 

86-46 

86-6^ 

86*91 

87-14 

87 

85*85 

86*08, 

• 86*31 

86-54 

86-77 

87-23 

87-46 

87-68 

87-92 

. 88*15 

88 

86*84 

87-07 

87*30 

87-51 

H7-77 

88-23 

88-47 

88-69 

88-93 

89-lt 

89 

87-8-2 

88-06 

88*29 

88*53 

88-77 

89-23 

89--f? 

89-70 

8ti-94 

90*18 

90 

88*81 

89*05 

86-29 

8^-52 

89-77 

90i»3 

90*48 ’ 

90-71 

90-95- 

n 

^1*19 

91 

89*90 

90*04 

90*28 

90-52 

90-76 

91-24 

91 *48 

91-72 

91-96 

92*21 

02 

90-79 

91*03 

91-27 

91-51 

91-76 

92-24 

•92*19 

92-73 

92-97 

93*22 

03 

91-77 

02*02 

• 92*26 

92*51 

92-76 

93*24 

93-49 

*JI3-74 

93-98 

94*23 

94 

92*76 

95-01 

93*2<r 

93*50 

93-75 

94-24 

94*4^ 

94-?4 

94-99 

95*24 

95 

93-74 * 

94*00 

94*25 

91*50 

94-75 

95-25 

^95-50 

95-75 

. 96-yO 

96*26 

. 

90* 

94^3 

94*98 

95*24 

9»*49' 

95-75 

96-25 

96-51 

96-76 

97-01 

97-27 

97 

95-72 

96-97 

96*23 

96*49 

56-75 

97-25 

97-51 

*7-77 

98*02 

98*29 

98. 

9&*^ 

» 97*69 

96*96 

97*22 

4)7 -48* 

97-74 

98-HS 

98*52 

98-77 

99*03 

99-30 


97-95 

v-2; 

98*48 

98-74 

99-26 

99*52 

99-78 

100*04 

100*31 

100 

98-68 

98*96 

99*21- 

99-47 

99-74 

100-26 

100*53 

100-79 

101-05. 

101-32 



• 

• • 



• 



« • 





APPI^NDIX 


TfVBLE ;V. 



in mm. of Mercury. 


t 


“C. 

•i , 

mm. 

*./c. *. 

mm. 

' 0. 

min. 0 

< 




■' f 

f 

t '\ 

- 20 

0-96 

24 

. 22 -3 

06 

W5*9 

- 10 

2'\G 


2:;-7 

68 

' 214-0 

- 6 '' 

3‘17 

26 

,*29-1 

70.'’'. 

233-5 

- 2 

g 3‘90 

27 

20-7 

72 4 

294-5 

- 1 

4 ‘215 

•i8 

28'-3 

74 

277-1 , 

0 

4‘58 

29 

29-9 

76 

301-3 

+ 1 

4-92 

30 

31-7 

78 

227-2 

2 

Ci'ZO 

31 

33-6 

80 

395-1 


5-68 

»i 

39-9 

82 ’’ 

384-9 

4 

6‘09 

33 

37-6 - 

84 

416-7 

(, 

l)-ri4 

34 

39-8 

86 

490-8 

n 

7-01 

35 

42-0 

88 ^ 

487-1 

7 

7‘:>i 

30 

44-1 

90f‘ 

925-8 

8 

8-01 

37 

46-9 

' 92 

967-1 

f) 

8-60 

38 

49-9 

94 

611-0 

10 

9-21 

39 

92-3 

‘ 96 

fir.7-7 

11 

9-81 

10 

99^1 

98 

707-3 

12 

i0‘:>i 

42 

61 -3 

100 

760-0 

l.‘l 

11‘23 

41 

68-0 

102 

815-9 

Id 

11 -98 

40 

79-1 

104 

875-1 

If) 

12-78 

48 

83-9 

106 

9j/-9 

K) 

13-03 

90 

92-3 

108 

1004 -0 

17 

14-92 

52 

101-9 

no 

1075-0 

18 

19-40 

94 

112-3 

112 

1149-0 

19 

16-46 

90 

123-6 

. 114 

1227-0 

20 

17-9 

98 

139-9 

116 

, 1310-0 

21 

18-0 

60 

149-2 

118 

1397-0 

22 

19-8 

62 


'■ 120' 

1489-0 

■ 23 

21-0 

64 

179-1 

‘ * 






. ___ 

___ 




ipBfeNDIX 679 

TA«LE V. 


.International Atomic Weights (^ 921 )i 


Aluminium 
Antimony 
Argon 
Arsenic 
Barium 
Bismuth 
Boron 
Diamine 
Cadmium 
Ca.“sft\ju 
Caj^ium ^ 
Carbon 
(^rium 
Olilontie 
Chromium 
Col«U 
Cohimbium 
Copper 
Dysprosium 
Erbium . 
Europium 
Fluorine . 
Gadolinium 
Gallium . 
Geiinaiiium 
Glucimim 
Gold 

Tlclium . 

Ilolmiuni* 

IJydrogcii 

Indium . 

Iodine 

Iridium . 

Iron 

Krypton . 
Lanthanum 
I.eatl 

Lithium . 
Jmteiium. 
Magnesium 
Manganese 
Mercury . 


vH.iglit. 
fc , Al 
, .• Sb 

A ^ • 
As 
: Ba 

. Bi 

. Cd- 

. Cs 

• » »Ca 

. C 

. Cc 
. C! 

. Gr 
. Co 
. Cb 
. Cii 

I^y 

. El 
. Eu 
. F 
. Gd 
. G.i 
• Ge 
Cl 
. Au 
. lie 
Ho 
. II 
. In 
. ! 

• . Ii 

. •Fc 
. Ki 
. La 
. rii 
. 1 i 
. I.u 
. Mg 
. Mn 
•• Hg 


Atomic 

•symbol. 

120^*2 • 
► 39-9 
74-OG 
S3I-37 
yos*S 

10-9 
79-rd 
112*40 
lo2*fil 
40*ii7 
12*005 
140*25 
3*-4G 
.52-0 
58*97 
9;i-i 
G3-57 
162*5 
167*7 
152*0 
19*0 
157*3 
70*1 
72 *5 
9*1 
197*2 
4 00 
163*5 
1*008 
114*8 
126*9*2 
193*1 
55*84 
82*92, 
139*0 
207*20 
6*91 
175*0 
21*3*2 
51-93 
200*6 


• t 

• 

Atomic 

t 

weight 

Symbol. 

Molybdenuq^ 

. Mo 

96*0 

Is^odymium . " , 

. Nd 

144 « 

Neon •. ... 

. Ne 

20*2 

Nickel* $. 

. Ni 

58^8 

Niton (radium emanation) 

. Nt 

223*4 

Nitrogen .... 

. N 

14*008 

Osmium^ .... 

. Os 

190*9 

Oxygen . . . • . • 

. 0 

16*00 

Paltadium . * • . 

. Pd 

10g*7 

Phosphorus 

. P 

31*04 

Platinum 

. Pt 

195*2 

Potassium 

. K 

39*10 

4’iaseodyniiiun . 

. Pr 

140*9 

Radium . . . *.• 

. Ra 

226*0 

Rhodium . . . • . 

. Rh 

102*9 

Rul'idium 

. Rb 

85*45 

Ruthenium 

. Ru 

101-7 

Samarium . • . 

. Sa 

150*4 

Scandium. 

. Sc 

45*1 

Selenium .... 

. Sc 

79-2 

Sditon .... 

. Si 

28-3 

Silver .... 

- Ag 

107-88 

Soilium .... 

. Na 

23*00 

StioriLiuni 

. Si 

87*63 

Sulphur .... 

. s 

32*06 

d’antalum 

. Ta 

181*5 

relluriimi^ 

. Te 

127-5 

Tcibium .... 

. Tb 

159*2 

Thallium .... 

. TI 

204-0 

Tlioiiiim .... 

. Til 

232-15 

Thulium .... 

. I'm 

168-5 

Tin*. .... 

. Sn 

118-7 

Titanium .... 

. Ti 

48-1 

Tungsten .... 

. W 

184-0 

Uranium .... 

. U 

238*2 

Vanadium 

. V* 

51«0 

Xenon . % . . 

. Xe 

130-2 

'I'ttoilfcum (Ncoytierbium) 

. \b. 

173*5 

Yttrium . . . • 

. Yt 

89*33 

Zinc ^ . . . 

. Zn 

65*37 

Zirconium • • . 

. ,Zr 

90*6 
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Alkalimetric degic«, ppo -- 

Anemometer readings, reducUo%*lo vel^cj^y of 
current, j 76, 177* • • 

■ temperature conection, 177 • 

A^gpnic weights, gi, 679 ^ 

BAU^lii degrees and specifi^gravity, 122 
Bleacl!!ngHDowder, French degrees, 600 
s’j^ecific gravity of solution?, • 

Vanino’s^HtlG for, 609 
Iffine, specific gravitv^f, 501 • 

«* 

Calibration tables, 23, 24, 665 • 

Chl^Hne, liquid^ vapour pressure and spctilio 
gravity, 620 

Conductivity, speci^c, of salt solutions, 223 
Combustion of gases, volume changes, 249 

Density, of gases ,^138 
of water, 117 % 

Sfe (i/io Specific gravity • 

Gas volumes, tabular numberf for conection, 
238-239 

temperature conection, G6O-671 
pressure correction, 672-677 
Gases, defisity of, 138 
solubility in water, 237 


sulpfiuf^trioxide content, 458, 467, 468 

V 

Secek cones, squatting temperature, 165 

Soda prt^ucts, alkali degre^, 553 

SoSjum carbonate solut^ns, specific gravity at 

itf, 549 * • 

specific gpvity at 30’, 550 
lemperatuie correction, 551 
podium chloride solutions, specific gravity, 501 
Sodium hydroxide solutitr#, siiecific gravity at 
l8“, 565 , 

Solubility of gases in water, 237 
Specific giavity and degrees Baumc, 124 
tem|x;rature cort^ctioii, 127 
Standard ac.d;:, equivalent in grams of bases, 

Standard alkalis, equivalent in grams of acidsi 
59 

Sulphur solutions in carbon disulphide, specific 
gravity, 363 

Sulphur dioxide solutions, specific gravity, 401 
Sulphur trioxide in oleum, 458, 467, 468 
Sulpluiiic acid, boiling junnls, 428 
melting joints, 429 
specific gravity, 418, 421 

temperature correction, 423, 427 
.S(V a/so Oleum 


Hydrochloric acid, speofic gravity, 517 
Hydrometer scales and sj'^cifle gravity, 123 

« 

Lime in milk of lime, 583 ^ , 

• • 

MicRO-MANOMETEUS, sensitiveness of, 172 

• 

Nitric acid, specific gravity, 490 
lemj>crature correction, 493 
effect of oxides of nitjogen, 493 
Nitrogen compoflnds and iiifromclcr lesiiks, 

415 

Nitijpmetcr results, factors for, 88 , 415 
Nitrous ^id in nitrous vitriol, 414 • 

LfUM,•baling points, 437 • • 

density and compositiofl, 45 ?.. 
melting points, ^56 ^ ^ 

081 


Tabular numbcis for collecting gas volumes, 
238-239 

TemperaUne corrections for specific gravity, 127 

Temperatures, list of important, 148. 
of squatling^of Seger cones, 165 

Tolg^nccs in calibration, 26-30 ^ 

VanINO’s table foi chlorine in ' bleaching 
po\.‘'ftr, 609 ^ 

iVclocity of gas curtent from ane*mometcr read-^ 
ings, 176, f77 

Volume of water, temperatOrc cdriectiSn, 665 
gases, tem^rerature correction, 666 
pressure correeffon, 672 

Water, vapour pressure, 678 
density, 117 , ^ * 
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Abbe— refractometer, 193 . \ • 

Acljroyd—Marsh-Berzelius test for arsenic, 442 
Acree, S. F.—phenol sulphoplith;heins and 
[>henol telrachlorophthalcins as indicators, 
40 ^ » 

Ahrens and Gill^ert, H*.—sodium perchlop.te, 
jestiniation of, in ^.dt| etre, 485 
and Hett—sodium perchlorate, estim:taon of, 
in saltj)etre, 484 « 

All)erti and Hempel—Chili saltpetre, assay of, 

471,476,484 

Alderson and —bimetallic detector for 

use in gas analysis, 326 
Allen—Marsh-Berzcliud tcs.t for arsenic, 443 
nitrate, determination of, in saltpetre, 47I) 
nitrometer, 78 

Reinsch’s test for arsenic, ,444 
and Bishop—determination of* sulphur, in 
pyrites, 370 

and Johnston—determination of suljihur in 
pyrites, 371 

van Alstine—absorption pipette, 271 
Amberg, R.—rotating electrodes, 103 
Andersen. lSV^* Sorensen, 49 
Andrews—bomb calorimeter, 347 
determination of sulphuric acid, 373 
saccharimeter reading of normal sucrose 
solution, 213 

Armstrong. See Fraukland, 78 ' 

Arnd—nitrate, determination of, in saltpetre, 
474. 480 

Arndt. See Von Knorre, 320, 409 
Arnould—saltpetre, analysis of 475, 486 
Autenrielh and Windaus—soda mother hq lors, 
separation of sulphite and thiosulphate in, 
533 

and Ka.migsberger—colorimeter, 182 
Averitt—sulphur present as suljihidein calcium 
tar sodium sulphide, determination of, 539 
Avery and Dales—electrolytic' deposition of 
iron. 64 , t., 

« Aykroyef. ^ See Richardson, 535, 546 

Babington, R. W., and Tirtjle, A. — standard- 
« isation barium bydrhxide, 54 * 

Bachofen. See Lunge, 600 
Bailey, E. G.—coal'samphng for analysis, 328 
Baillie, W. L.—sampling, 4 
Balcon—modification of Tone and Wheeler’s 
gas apparatus, 296 • 

Balthasen See Frost, 387 
Barbien and Neppi—standardising permangan¬ 
ate by ftrrojis oxalate, 61 . ^ 

682 * 


Bamcbey, O. Lf -maMgancse ore, active oxygen 
580 ‘ , 

and Bishop, G. M^r-iBanganase ore, active 
oxj^gen in, 580 * 

and Hawes, W. C.—manganese ore, a^We 
oxygen in,580 

Bartlett. ' See Forbes, 225 ^ 

Baskerville and ^flller—nitrate, detcrni’nation 
of, in saltpetre by nitrometer, 4^2 
Baumann, A. —available chlorine ip bleaching 
‘jXiwder, determination of, 60^ 
az.otometer, simjdified^ 77 ^ 

a jromates, examinatir n *of, with nitrometer, 83 
manganese ore, deterfninatiou of active 
oxygen in, 579 ^ # 

volumetric stanikirdisation, 

Raume—hydrometer apd scale, 120 
Bayerlein. See Fresenius, ,H., 471 
Beck--nitrate,' determination ot, in saltpetre, 
480 

Beck, P. See Fresenius, II., 359 
Becker—fuming sui[>iuiiic Icid,analysis of, 46® 
BeckurL".—Chili saltpefre, detection of iod.ites 
and sodium pe^rchloratc in, 471 
nitric acid, detection of iodine m, 497 
Behrenc^ .SVc kast, 304 
Bern—determination of fluorine in zinc blende, 

387 

Benedikt and Higgins—adiabatic calorimeters, 
349 . 

Bensemann—nitrate, determination of, in salt¬ 
petre, 475 

Berl—fuming sulphuric acid, apparatus for 
weighing, 464 
See Lunge, 500 

Berolzheimer,‘R. See Parr, PpW., 337 
Beiry—Marsh-Bej^elius test for arsenic, 444 
‘Berllielot—boml; calorimeter, 347, 351 
Bertrand—Marsh*Bcr/elius lest tor arsenic, 442 
and Vamossy — iMarsh-Berzelius test for 
arsepic, 444 , 

Bettendorf—test for arsenic, 448 
Beutell—spherical float fur burettes, 35 
Bianchi. AV<f Tarugi, 373 
Bird—Gutzeit test for f rsenic, 446 
Bishop—Marsh-Berzelius test for arsenic, 444 
See Allen, 370 * 

Bishop, G. M. See Bamebey, 0. L., 580 
Bjerrum—indicators, 43 • * 

Blacher and Koerber—determination of sul- 
' pljuric arid, 373 ^ ^ , 

Black. See Sanger, ^6 , « ^ 

Blair, II.—voiametnc estimation of sulphur 
compounds in,gjis, 310* 
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IND 


Blak^^. Ste North, B., 49, go, 52 • 

Blattner—eau de Javel, analysis of, 617 
milk of lime, dcterminatio.i of, 583 • * 

and Brasseur—arsenic, determination of, in 
hydrochloric acid, 521 
arsenic, determination of, in pyrites, 376, 

378 . ^ • 

. sodium i>erchlorate, estimation of, in salt- 
petre, 484,486 * • • 

Bleier, O.—measuring pipette, 36 • . 

«lock—lime-kiln gases, analysi^ of, 540 • 

BUckmann—arsepic, determiftation of, ii# siu- 
phuric a^ld, 45 5 ‘ * 

determination of nitrate i:k^^hiU saltpctic, 
473,476 , ' • • 

soda ash, examination of, 354, 555, 556, ^58 
Eaddaert, R. J. Sef Fischer, A., 1^3 
B^hlig—nitrate, determination of, in saltpetre, 
475 * 

Bollenbach, H.—alkali fcrrocy.inidfts, estima- 
*^on of, 631 • • 

Bone—dfLeimmation of carbpn mouoxidtj in 
gaseous mixtures, 243 * * 

gas anafy-iis apparatus, 285 * 

0 and Wheeler—gas analysis apparatus, ^85 
Bonner. Su ». 

Bordoni—anemomitry, hot-wire, 178 ^ 

Boi^lli, V.—cvanides, estimation of, 626 
Bointriiger—jimassium hjidrogen tartrate as 
basis lor acidimet^, 54 

Bosshard and Gtob — sodium sulphite and 
thiosulpliate, aeterminatiorj of, 536 
Bottgcr, W.—elcitromctnc tilratifln, 44 
Boiisfield—prcjiaration of conductivity water, 
219 • 

and Lowry—caustic soda solutions, specific 
gravity of, 3O4, 565* 

prepaialion of standaid :^Hhum hydroxide 
solutions, 57 

Boyei—nitrate, dcleimniation of, in saltpetre, 

475 

. Boys—gas caloiimeler, 352, 357 
Brame a^d ( 3 owan—fuel calorimetry, 340 
Brandt—nitrate, detcimin.ition of, in sallpetie, 
479 

potassium permanganate, stand.irdis.ition cf, 

65 

Brasseur. Blattner, 376^ 378, 484, 48C, 521 
Bremer—speciliMugravity ul solids, 146 
van Bieukeleevcn—Chiii sallpetie, detection of 
sodium perchloraft in, 471 • 

Brislec. Sfe Kohn, 64 
Britton—determination of c.iibon in steel, 180 
Brown, D. J. See Sehocj^, E. P., 113 
Browne—specific rotatory power oi sugar, 212 
Browning and Palmer — feiroc^anidcs and 
fcrricyanides, separation of, 640 
Briigelmann—analysis^f pyrites, 372 
Brulms, G.—oxtllic acid as bafts for alkalimetry, 
54 • 

soda mother liquors, separation of sulphite 
• a»d thiosulphate in, 533 ^ 

standardisation of iodine solutions, 68 
Jrunck, O.—filtration, use of porcelain^riTtiblc 

•• . * 

palladium, recovery of, • %fter hydrogen 
absorptioii0245 


AVTlpnS^ . 

Brunck, O.j-tintflum electrode, 97, 98* 
zinc, detjnmnation of,ftn blendes, 386 
determiiptionjof sulphur, 363 
Buchanan—use of borax in volumetric standard* 
isati-Dii, 31 * 

Bivheter, II. T.—determination of sulphuric 
acid, 372 ^ 

Btnlnheipier—d^erminalion of^fluorine in zinc 
bftnde, 3^/ ^ ^ 

Bunsen — available chlorine in bleaching 
powder, det^rflination^f, 602, 603 * 
^determination of ^ascs by explosion, 254 
r^atife densiW*of gases, by metho^ of 
■ ♦ eflhisioTiJ^^a 

volumetric analysis, i, 229 ^ 

Bunte —^determination of gases by passing 
over healed palladium wire, 256 
estimttion of hydrogen sulphide in gas, 304 
•c^as burette, 278, 3(>4 
Bin-^ss, T. W.—tinioifletei, 181 • e 

Bur^s and Wheeler — determination of 
paraffins deriTcd from coal distillation, 
232 

^Burrell, Siebert, and Robertson—determination 
of benzene in gas, 

Busch—nitrate, determination of, in saltj)etre, 

. 475 • 

Butlerfield — colorimetric determination of 
h^idrogen sulphide in gas, 306 


Cain. See Stokes, 453 

Callendar, 11 . L.f-platmum resistance tucC- 
mometer, 132, 153 

and Giiffiths, E. II.—platinum resistance 
tliermomctcr, 132 
Campbell. See Hartley, 219 
Cainelly—melting point of sodium chloride, 

505 

Carpenter, F. B.—determination of the 
moisture m sulphur, 361 
and LiiWei—examination of acids in sulphuric 
add manufacture, 408 
Canpict. See Fonzes-Diacon 
Cedercrcut/. See Lunge, 320 
Chambers. See Morse, 31 
Chancel—sulphurimeler, 339 
Chandler, C. F.—B.uiinc hydrometer and 
scale, 120 

Chapin, R. M,—standardisation of iodine 
solutions, 08 

Chapman and Law—Maish-Beizcnus toit for 
arsenic, 41^1, 442 

Cli^^ey. See P|^mpton, 72 ^ 

Chrisfomanos—calcium and magnesium, deters 
minalion of, 313 * 

Clar ai^ Gaier—fuming sulphuric acid, 
analysis of, f6o, 462 • 

• Claiens, J.—avaiI?lbIe. chlorine, in bleachin|f 
powder, djtermination of, 604 
Clark—analysis of pyrites; 372^378 • 

Clarkson, P.—rapia sampler, 6 

Classen—pennang^iate, standardising, by iron, 

platinum dish for electrolytic analysis, lOl 
pyrites, detennination of alkaline carbonates 
* in. 382, . • 
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kirrow—deteriiiiuitipn of tar«f 
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„ INIlEX OF lltJ-rtlOES 


Clayton and Skirrow—deteri liiuitipn of tar-fog 
in gas, 318 * ' \ 

Clenell—(^anide, commercial, es\ matton of 
alkali hydroxide, in, 628 
nitrate, determination of, in<saltpeti3, 473 
Clowes—determinatioA of oxygen, 245 ' , 

Cohen. See Od(|y, 60 

Coleman, H. 'G.—alkali fers)cyanides, deter¬ 
mination of, 6*3(7, ^3^ ^ 

coal gas, determination of oxygen in, 246 
:ynd Smith-—de1f-rminatit)n»of naphthalene in 
gas, 315 < 

and Yoeman, E. W.—alkali ferrodyai^'des, 
determination of, 6347*'^ < 

cyanogen compounds in concentrated 
ammonia liquor, 659 ^ 

ferrocyanide, determination of, in spent 
oxide of iron, 652 < 

gas liquor, es^imatien of thiocyanates in, 
,.657 < c 

Cone—distinction between ordinary* and 

magnetic pyrites, 383 » 

Conner-^etermination of sulphur in burnt 
pyrites, 391 

Conroy, J. T.—arsepi^ in sulphur, 361 
crude fused soda, determination of sulphide 
in, 546 

Contat—iron wire, apparatus for dissolving, 
in acid, 63 

Corleis—determination of campon, 382 
Coste, J. II. See Huntly, G. N., 330 , 

Cowan. See Brame, 340 
'TPTdlg—determination of sulphurous acid and 
sulphites, 402 

Cramer and Hccht—modification of Seger 
cones, 165 

Crato, E.—potassium bi-iodate as basis for 
acidimetiy, 54 

Crismer—thiosulphate, potassium chromate 
for standardising, 71 
Croasdale. See Hart, 51 
Crowther, Rossiter, and Hood—tlifocj .mates, 
prepanition of, 642 

Crum, W.—nitrate, determination of, in salt¬ 
petre, 480 

nitrates and gun-cotton, analysis of, 78 
Cushman—improvement on Ostvvald pipette, 32 

Dales. See Avery, 64 
Damiens. See Lebeau, 300 
Dauvd—electrolysis of copi^er sulphate as 
4 asis fbr acidimetry, 31 
Davidson. See Kolb, 614 • 

Davis—aoparatus for examination of oj^Vigen 

• in sulphuric acid manufacture, 405 
See Tayior, 320, 48I 

Davis, G. E.—nitrous vitriol, valuation of, 78 
Davis, II. S., wd Davis, M. 1 #.—determination 

• of vapourj in gasea, 29^ • 

.9«Richard3, T. W., 351 * 

Davis, M? D. Davis, H. S., 299* 

Dawydow—Marsh-BerF.elius test for arsenic, 444 
Dean, E. W., and Stark, D*D.—determination 
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arsenic,*443 

Dupre—sodium perchlorate, estimation of, in 
saltpetre, 485 
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Roscnthaler, L.—hydr#cyani<^ acid, estimation metric anal|^|is, 33 • 

of, 623 * ‘ *Schl<)tter, M.—determirfation of .ulphuric adA 

^(fss and Race—cyclo|>entadiene in oil and by m^ans Sf benzidine, 375 

carburetted water ^s, 305 Schmitt—nitrate, determination of, in Saltpetre, 

Roftiter, €. C.—cyanide, commerqiah estima- 474 

tion of sulphide in, 630 Schoch, E. P., ai^ Brown, D. J.—metals, 

ReJ^iter. Urowther, 642 • * Aiparation of, electrolytically, 113 

^oth0-8reV’‘^^t*oi^ formal * hydrochloric SchOnrock—temperature correction in polari- 

oriS c* • . metry, 212 
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Scholtz, M.—chlorate in bleaching solutions, 
determination of. 614 t 4 ^ 

Scholtz, M. E.—mixw iAdicatoCs,'40 
Scholvien—detection of po^ssiuri nitrate in 
potassium chlorate, 618" * 

Schranz. See Dobriner, 465„533 / 

Schreiner—colorirrfctet’, 182 > ♦ f 

Schrero—available chlorine in bleaching liquors, 
determinjfvion of, 610 * ^ * 

Schroder—Jhiocy^tates, estinf Aion of, (^45 
Schultz, R.—available chlorine in bleachiijg 
* powder, detef.ninatioti if, 603 . 

Schiiw, A.—table for correction for tcmplra- 
. ture in volumetric analysis, 33 ‘ 1 

Schwarz, H.—volumetric rwifRysis, i* *> ' 

S<.’’^ien—sodium carbonate, pure, preparation 
of, 49 ^ 

Segaller. Lunge, 535 
Seger—cones, 165, ^ ^ < 

micro-manometer, i6tj 
SeitULr. •6>rVanino, ^ 

Selckmann—sodium^perclilorate, estimauon of, 
in saltpetre, 484 ' » 

Sensi. See Russo, 473 

Setlik—fuming sulphuric acid, analysis of, 469 
fuming sulpnuri^ a^’id, estimation of, 468 
Seybel and Wikander—arsenic test, 448 
Seyda—colorimeter for lietection of iron, 4^3 
and Weinig—use of ammonium chloride in 
volumetric standardisation, 51 
Shakespeare, G. A.—kathar^'meter, 323 
Shearer. See Giles, 401 * • 

^ Sbl^nd, A.—cyanide, commercial, estimation of 
alkali hydroxide in, beq 
Sieber—carton dioxide, determination of, in 
Deacon gases, 591 
Siebert. See Burrell, 300 
Siedler. 6'rrKuster, 52 

Siemens—sodium bicarbonate, hydrolysis of, 568 
platinum resistance thermometer, 152 
pyrometer, calorimetric, 166 
and Halske—tantalum wire, 98 
Sievert—nitrate, determination of, i(i s.ilt[')etrc, 

474 , . . . 

Silberberger—analysis of pyrites, 372 
Simeon—Pulfrich refractometer, temperature 
regulation in, 191 

Sinkinson, E.—p^recipitates, automatic mati’iinc 
for washing, 19 

Sjollema and Freytag—sodium perchlorate, 
estimation of, in saltpetre, 484 
Skirrow, F. W.—alkali ferrocyanidcs, de- 
•cermihation of, 635, 638 
Clayton, 318 ' 

Skrabalf^iron, determinatiop of, in suljrhuric 
« acid, ,.1,52 

manganous sulpihwe, use of, in volumetric 
analysis, 60 < 

permanganate, standardisfsg, by iron, 63, 64 
Smalley, W. M. See Sand, H. j. S., 98, 107 
Smith, E. F.—use of mercury cathodes, 108 
Smith, H. See Lunge, 534 
Smith, K., and Towers—gas sampiles, 233 
Smith—determination of rslenium in sulphur, 
362 * 

modification of Bone and Wheeler gas 
analysis apparatus, 296 


Smith. Colman, 315 - , 

^ . 9 /^ Mitchell, 373 
See Teschemacher, 372 
*Bi^oot—removal ^f iron from pyrites, 369 
Snell—laws of refraction of light, 

Snelling, W. O,—platinum ^nge for filtration, 

SOrensep, S. P. L.—methyl r^l as indicator, 39 
potassium permangipiate, standard solution*’ 

t sodium oxalatfias basis for acidimetry, 49, ^ 

^, and Andersen—preparatio» of pure sodium 
^ carbonate, 49 1 r-' . . ^ 

Sodeaii, W. H.()-gas analysis apparatus, 272, 

27^ V 

Scyu^-'ville, C. W.—estimation of Jotal sulphur 
in gas. 312 • ^ 

naphthalene, absorptibn of, 318 
yolumetric estimation of hydrogen sulpH4^ 

• ^ in gas, 305 

Spjielmann, P. E., ^d Wood, H.—alkali pirro- 
^ cyanides, determination of, 637, 

jnd Woo^, ’H,—cyanogen compwunds in 
concentiated ammonia liqua-, 185, 659 
Spitta—determination of carbon^* monoxide 
emeans of iodine pei>foxide, 262 
Spifdei. See Kalmani^ 532 
Stammer, C.—colorimeter,83 
Stark, D. D. See Dean, E. W,- 331 '' 

Stark, F. — apparatus for cfetermination of 
chlorine, 597 

Stas—nephelometric deterrtinations, 186 
Stead—detenmination of carbon in steel, l8o 
g.is sampder, 232 
Steelier, E. See Fischer, F^, 108 
Stewait. T(?<? Parsons, ^42 
Stierlin. See Lunge, 369, 393 
Stoddard, J. T. —app>aratus for chculation of 
electrolyte^ 107 
Stokes—•colorimeter, 182 
and Cain—colorimeter for determination of 
iron, 455 

Stroof—fuming sulpdiuric acid, analysis of, 460 
Strypie—apiparutus for examination of oxygen 
in sulphuric acid manufacture, 405 
Stutzer—nitrate, detennination of, in saltpetre, 

473 

Van Suchtclcn and Itano — electrometric 
titration, 225*' 

Sullwald—nitftite, determinefiilon of, in saltpetre, 

474 *■ 

Simdstrdm—sodium bicarbonate, analysis of, 

570 

Sweeney—determination of sulp^hur dioxide in 
air, 4<:^ «• 

and Withrow—brine, analysis of, 5^3 
Swett, 0 . D.—filtration, use of solvents in, 18 

Taplay— determination of ^ses by fractiqnal 
combustion with cupric oxide* 262 « 

separation of olefmeC' from benzene, 244 
Tarugi an(i.Bianchi—determination cfl sulp)Huric 
acid, 373 

Taurelrand Griffet—analysis of sulphur, 30^ 
Taylor, C. A. See F 4 ;ildncr, A. C.^338 •» 
Taylor, J. M.---rf^ctrolytic chlorine, 591 
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Tayloil and Davis—analysis of g.ises in 
Ifmmonia*pxicfttion process, 487 j 

determination of oxides of nitrogen in 
gases, 320 / • • 

^ Sfe Gardner, 61 
Su Riaeal, 263 

Telle—determination of sulphuric acid, 374 
Tempany. Jv>,4Watts?2i3 ^ 

Torres and Mauguin—deteimination of gases 
''K ^f^ctional cAnbustioH with cupric 
* oxide, 261 ^ 0 

^Teschemacher ^nd Smith—determination ^ 
^ . •’•’'phuric acid, 372 • 

V. Ttian, C.—iodine, prcparadon of j^ure, 71 


T^adwell and Koch—determination of carbon 

and el^fiAmetric titration, 45 

Trotman-jMarsh-Bcrzelius test for arsenic, 441 
Tschernojrojew-^altpetre, estimation of 
chl^te an^ perchlorate iii, 486 
TunViitlWe. See Rosctjhclfn, 444 
Twaddell—hydrometer, H 9 ^ 

Tyrer—Gulzeit ’4 test for arsenk', 446 

UlbricHT and Meissl — use of potassium 
* tetroxalate Itisis for«lkalimetry, 54* 
l^sch —nitrate, dc<t‘rmination of, in saltpetre, 
* 47 'f. 476 


i^on 0 , , . ^. 

potassiumbi-iodaieinvolun^iicstandardii.a- # Utesoin^-sodniTia* bicaibonatc, detection of 
•- thic^yanatc in, 569 


tion.5* ^ ^ ^ 

Thiel—determination <jf sulphur in zinc blende. 




383 

See Kuster, 368 • 

nielc, C. *^1'^ Fischer, F., 108 * • 

Thiele and Deckert—carbon dioxWe, liiiuiJ. 

'* examination of, 575 • • 

l>ermlliganatc standardisatien with iron wire, 
64, * •* 

and RichUr—use of calcspar in acidimytry, 51 
^hole—prep?iration of conductivity w,ite% 219 
Thomas, C. C.—anell^^meler, electric, 17# 
’riiomas, J. S. — physical mcajuicments 

#emplc^Ye^ in technical analysis, 116 
See Keane^. A., 229 • 

Thomas—dcterminatipn of gases by explosion, 

255 • 

Thompson, L.—caloiimeler, 340 
Thomson, R, T.—use of mctlfyl red as in¬ 
dicator, 39 

Thomson, W.—•Marsh - Berzelius test for 
arsenic, 441 * 

Thorpe—deteimination ofkirsenic in iuel, 338 
temperature control in refriutometry, 201 
Threlfull, R.—niicro-manomcier, 174 

relative density of gases, detenninalion of, m 
Timing—pyrometers, total radiation, 162 
‘ Tillmans and Ileublem--sodium bic.itbonaie, 
hydrolysis of, 568 

Tingle, A.—pocket spectroscope for titration of 
turbid or coloured solutions, 44 
See Babington, F. W. 

'I'itoff—determination of sulphur dioxide in 
gases, 320 • 

Tc'iplcr—micro-rj«nometer, 171* 

I'opf—sodium thiosuyihatqj normal, 71 
Tower—nitrate, determination of, in s.ilipct*e, 
by nitrometer, 482 
Towers. .SV^ Smith, K., 333 
TreadwcU—carbon diojydo, detei miii.iticm of, 
in electrolytic chlorine, 59 b S 95 
copper, determination of, tn pyiilcs, 381 
iron method for standardising peimanganate, 
62,64 • 

Marsh-Berzelfus test for arsenic, 442 
•potassium permanganate, standard, 60 
saltcake, separation#of calcium and mag- 
• n^siumin, 512 ^ 

sodium thiosulphate, standardisation of, 

•*• 72»7ii72 , ^ t 

and •Hall—nitrous divide ,de«rmination, by 
coAbustion with carl^n^onoxidc, 320 


VamosSY. See Bertrand, 4.14 
Vaninf»—available chlorine in bleaching 
• powder, deteffnination of, 605 , bo6, 607 
permanganate s*iittardisution, ^itmmeter 
^ method, 66 

and Stillei—standaf^Rsation of acids and 
alkalis, 50 

Vaubcl—deteimination of sulphuric acid with 
* benzidine, 374 * 

Velcy and Manley—specific gravity of nitric 
^ acid of various sltengths, 490 
Venable—iron, detection of, in acids, 432, 521 
Venator. See Isbert, 513 

Vernon—fuming-sulphuric acid, apparatus for 
, weigbtng, 464 

Verwer and Gioll—electrolytic deposition of 
iron, 64 • 

Vilstrup—analysis of pyrites, 383 
Vogt. See Lauth, 165 

Vogllieir—mtr.ite, clctcrmination of, in salt- 
pelie, 478 

Volbard—estimation of chlorides in acid 
solution, 74 

iron, deteimination of, in sulphuric acid, 

potass^ni permanganate, iodometric 
standardisation of, 65 

Wagner, J.—manganous sulphate, use of, in 
volumetric analysis, 60 
jiotassium tetroxalate as basis for alkali¬ 
metry, 54 

thiosulphate, potassium 
stand.ardismg, 71 
Wagner, P.—azoioineter, 75 

Schlosing-Gr.iiideau method of determination 
of nilr»tc m s.dlpctrc, 473, 482 
Wii^lcr, A. E. See Lander, G. D., (^2 
Widkei • -sodiun^ thiosnljihate, sttmcTardisatiork 
of, 71 * 

WallaiH^sidlcakc, estimation of calcium in, 

511 4 • 

» Wallasch, H. Roth, W. A, 351 • 

Walpole, G. J?.—electrometric titration, 45 
indicators, 40 • • 

Walter, 11 . See Wegseheider, R., 551, 565 
Walkin—recorder^for temperature measurc- 
•ment, 166 

W^atson—determination of sulphur in pyrites, 

389 


bichromate for 
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Watson—measurement of pressure on exploljon 
of gaseous mixtures, i6^ ^ I i 
vat waste, determiifati(n of (available soda 
in, 537 ■ , 

Watts and Tempany—sacchSrimetl* readings 
of normal sucrose solutioys, 213V* 

Weaver and Weib^—^as analysis aVis, 
electric, 325 

Wegseheider, and Waler, H.—sod?am 
carbonate and<^ydroxide %^*utions, fpecific 
gravity'of, 551, 565 

WqiI^I. See Weaver, 325* «, * 

Weinhold— lead test bl|*ck for mercuifal 
^thermometer, 150 . # ^ 

Weinig. See S^da, 51 ■ • « \ 

W-'iss, L. See Treadwell, W. D., 45, 

V. WAsse. See Dutoit, 225 • 

Weisser, F.—fuel analysis, determination of 
ash, 332 , _ » 

Wells—potassium tetroiialate as basis fbr 
^.kallmetry, 54 ^ 

See Richards, 186 » 

Wengers—calorites ibi temperature measure¬ 
ment, 166 

Wentzel—analysis of sulphur, 364 ^ 

Westmoreland-* Je^rmination of copper in 
pyrites, 381 * 

Whatmough. See Leant 71 
Wheeler, W. F. See Parr, S. W., 337 
Wheeler—measurement of pressure on explosion 
of gaseous mixtures, 16^ 

See Bone, 285 • , 

See Burgess, 252 

Sfe Rhead, 247 , 

Whipple—pyrometers, electric resistance, 

indicator for, 154 
pyrometers, thermo-electric, 158 
pyrometers, total radiation, 162 
Wibiut, J. P.—determination of gases by 
fractional combustion with cupric oxide, 262 
Wiborgh—thcimophone, 166 
Wikander. See Scybel, 448 
Wilbauer—cyanates, estimation of, 6(^9 
Wildenstein—determination of sulphuric acid, 

372 

Wiley—saccharimeter readings of normal 
sucrose solution, 213 

WilfaWth—nitrate, determination of, in s^alt- 
petre, 473 

Williams, H. E.—alkali ferrocyanides, deter¬ 
mination of, 637 
cyanogen compounds, 621 
feniocyanide, estimation of, in spent oxide 
of iron, 654 • 

Williams^ P. C.—thiocyanate gas liquor, ^5 
.Williams, P. E.—thiocyanfite, commercial, 
preparation of, 6^ 

Williams—ferrocyanide, determination of, in 
spent oxidf of iron, 652 ^ 
ilsing—detepnination^ of Sulphuric acid, 373 * 
ilson, A.—colorimeter, 183 * 

Windausrf Autehrieth, 533 ' 

Wing. See Jackson, L., 493 
Winkler, A.—electrodes, of metal gauze 
in, 99 • 

Winkler, C.—analysis of gases by passing 
over heated palladium asbestos, 256 


Wkikler, C.—apparatus for estimation ofifcu^gen 
f in sulphuric add manufacture, 40^ * 

modification of Hempel pipette, 257 

* |ireparation of p%ire oxalic acid, 53 v 

ratio between chlorine and hydroqjiloric ad^ 
in Deacon process, 587 

Winkler—ammonia, determiiiation of, in water 
by I^essler’s method, 179 r 
available chlorine in teaching powder, deter- ^ 
nlinatio^ of, 603 ' * • 

.burette for gas^nalysis, 265 ^ 

* fuming sulphuric acid, analjifis of, 460 
fulling sulphuric acid, apparatus forr'^H'^ 

in^i 462, f 

gases, analyf^ of, by passing over heated 
fipalladium, 255 ^ 

iodine, pure, preparation of, 70 
nitrate, <^eterminatioi> of, in saltpetre, 4^5, 

» 48^* r f 

« mtrogen acids, detection of, in sulphuric 
acid, 432 

* nitrous oxide, efJmation of, in sulyfiuiic 

^ acid manHf^cturc, 409 *’ 

Wir.tcler—efSorates, determination of, in 

Ifieaching solutions, 612 • 

sodium perchlorate, «timatioA of, in salt- 
K petre, 484 

specific gravity of nitrh acid of various 
strengths, 490 • 

Withrow—determinltion of sfilphur dioxide 
in air, 400 , 

See Sweeney, 503 

Wober—sodiunv sulphite and thiosulphate, 
determination of, 536 
Wolff—analysis of sulphur, ^64 
Wolff, G. See Lehman,T'., 39 
Wood, H.—cyanogen compounds in con¬ 
centrated aranAnia liquor, 659 
See Spielmantu P. E., 185, 637, 653, 659 
Wood,>,T. .s/<'Sand, H. J. S., 45 
Worden and Motion—tables of specific gravities 
of sulphuric and hydrochloric acids, 53 
Worms. See Rimbach, 51 
Wright, L. T.—gravimetric estimation of 
hydrogen sulphide in gas, 304 
Wuyts—spent acid, determination of nitrogen 
acids in, 499 

Yoeman, E. W. eSee Coleman, H. G., 637, 
652, 657, 659 

Ybung, S. W.-jStandardisation of iodine 
•. solutions, 68 

Younger—ratio between chlorine and hydro¬ 
chloric acid in Deacon process, 587, 588 

ZalozieckT— sodium ferrocyanide in vat 
liquor, 529 

Zehnder—specific gravity of solids, 146 
Ziegel—electrometric tiVation, 225 
Zimmermann—potassium pefmanganate and 
hydrochloric acid, interaction (Sf, 60 « 

Zulkowsky—sodium fefrocyanide in vat liquor, 
estimaVon of, 529 * • 

soluble starch, 68 

sulphur from gas residuals, 364 ^ V 

thiosulphate, .pot^Sisium chropa^ « iof t 
standardisiftg, 71 
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Absorption coefficients of in water, 237, 
240 ‘ 

Acetylene, determination of, in coal gas,f3op 
determination of, in •gaseous mixtures, 241, 
247 '• % 

• of hydrogen phosphide in,^20« 

Acids : nitrating and spent, 498 • 

imrmal, strength of, 55 ‘ ^ 

smfld^d, 46 

Air: derermination of sulph4ir*diQiitle in, jpo 
Alkali liqiors, electrolytic, 544 ^ 
waste, 537* 

Alkalis, standard, 56 • • 

Ammonia: determina^n of, by azotomet#-, 75 
determination of|in gas, 312 ♦ 

dtterminati^ of, in gaseous mixtures, 241, 
247 • 

determination of, in*water, 179 
liquor, concentrated, estimation of cyanogen 
compounds, 659, 660, 661^ 

Ammonia-soda process, 541 
Ammonium chloride or sulphate as standards 
for acidimetry, 5^ 
thiocyanate, standard soktion of, 74 
thiocyanate. See aho Tniocyanatos 
Analysis, chemical, technical i||ethods of, i, 3 
electrolytic, 92 • 

solutions for, 112 

technical, jihysical measurements in, 116 
* volumetric, 20, 34, 37 
Analytiottl results, calculation of, 89 
Anemometer: Fletcher, 175 
hot-wire, 178 
Pitot tube, 173 
Anemometers, 173 

tables for the reduction 8f leadings of, 176, 

177 • 

Areo-pyknometer, 126/ ■> 

Arsenic ; detection of, IBettendorf test, 448 • 

Gutzeit's test, 445 
Marsh-Berzehus test, 434 
Reiusch’s test, 444 • 

in hydrochloric acid, deterjnination of, 519 
in pyrites, determination of, 366, 376 
in sulphur, determination of, 361 
in sulphuric agid, drtermir^tion of, 433, 455 
A^senious acid, standard solutions and iodo- 
metric determination of, 72 
Atomic weights, internflional, 91, 679 
AAtome^r, 75 # 


J^ydroxide, standard, 54- 57, 36 
.1^ ^ tbipsulfmate, use of, i!^ iodimetry, 72 
*• Baum^ hydrometer and scall, wo 
« 697 • • 4 


Bei^end^ determinafion of, in coal gas, 299* 
det^niffnalion o^.tn gaseous mixtures, 241,2^7 
Black ash, examination of, 524 
Bleaching powder, available chlorine, de¬ 
termination of, Bunsen's distillation 
^ fficthod, 6q^ • 

Bunsen’s iodomeWc method, 602 
^Gay-Lussac’s lAtfiod, 601 * • 

Tunge’s method, 60^ 

Pennies method, 604 
Pontius’ method, 603 
, Vanino’s method, 606 

chlorine value of solutjiiKKol; 601 ^ 
determination of car|)on dioxide in, 608 
tinanufacUire of, 596, 600 
Bleaching solutions and liquors, analysis of, 
610 

alkali hydrojiide and carbonate, 617 
♦ alkalinity, 608 

bases, 617 t- 

carbonic acid, ^15 
chlorides, 612 
chloric-chlorine, 614 
chlorine, available, 610 
hypochlorous acid, free, 611 
Boiax as standaid for acidimclry aiid alkali- 
metiy, 51 

Brine, analysis of, 501* $02 
Burettes^.34 
calibraWon of, 28, 30 
gas, 233 


Calcium carbonate, analysis of, 581 
thiocyanate. See under Thiocyanate% 
Caiespar as basis for alkalimetry and acidi- 
metry, 50 

Calibration of apparatus for volumetric 
analysis, 20 

tables, 23, 24 ^ 

Calorimeter: Berthclot bomb, 347 
Gr:iy's, 345* 

Wrooker’s, 347 
Parr’s, 341 ^ 

W. Thompson’s, 340 
CalorimAer, gas ; Boys’s, 352 
Calorimetry, fuel%j40 • 

Carbon; deteynination of, in pyrites, 382 
determjpation of, in steel, 180 
Carbon bisulphide, determinatidnof, gas, 307 
Carbon dioxide in Deacon process, examination 
of, 590 • 

determination of, in electrolytic chlorine, 592 
in presence of chlorine, 615 
in gas, 302, 321 , 
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Carbon dioxiae m ueacon process, detemAna- 
tion of, in gaseous mix^rqs 243^ 247 
determination of, b;f Hfjmpel'^apparatus, 268 
liquid, examination oC 573 
Carbon monoxide, determination W, in gas, 

303 . V 

determination o|| in gaseous mixlitj'?'- ^43, 
247, 250, 261 ^ 

determination^ of, by Heiapel’s appaniius, 
268 t ^1- * \ 

determination of, by means of iodine pent* 

I oxide, 262 ^ * 

Cathodes, mercury, use of-108 i 

Caustic soda. Seg under Soda 4 
Cefl, electrolytic, for use w^tlwnercurr Qntfiode,v 
*,•4. 109 ^ 

Chaifibcr acid, examination of, 411 i 
gases, examination of, 403 
Chance-Claus sulphur recovery process, 538 
Chimney gas, analysis of, 2*/7 * 

Chlojates, determinali.)# of, in bleacKing 
solutions, 612 t 

Chlorine, available,'tJ* bleaching pfwder, 600, 
610 

determination of, in gases in bleaching^ 
pqwder 9 . aqufacture, 596 
industry, 576 * 

control of working tonditions, 583 ^ 

liquid, physical properties of, 619 
table of vapour pressure and specific 
gravity of, 620 

manufacture: Deacon process, 586 ^ 

determination of carton dioxide, 590 
♦determination of moistpre, 591 
percentage of liydrochloric acid gas before 
entering the decomposer, 5^9 
ratio between free chlorine and unchanged 
hydrochloric acid gas, 587 
manufacture, electrolytic, 591 
manufacture of, by means of manganese ore, 

583 

manufacture, Weldon process, 576, 584 
examination of lime, 581, 582 f 
examination of m.inganese ore, 576 
Chloro-sulphonic acid, 469 
Coal, See under Fuel 
Coal gas, analysis of, 247 
See &lso under Gases 
Colorimeters, 181 
Colorimetry, 178 

Copper, determination of, in pyrites, 379, 392 
Copper sulphate, electrolysis of, as basis for 
yidimetry, 51 

Cuprous thiocyanate, analysis of, 647 
Cyanates. 648 ^ 

, detection and estimation off 649 
Cyanic acitf, 648 * 

Cyanide, commercial, analysis of, 626f, 
determination of* in conceptrated ammonia 
- liquor, 659 • • 

Cyanides, alkali, determination df, 624 
detectiwt of, ^22 ' * 

double, estimation of, 625 
estimation of, in gas liqu^, 658 
estimation of, in presence of ferrocyaniics, 
626 

Cyanogen compounds, 621 


Deacon process for chlorine manufactilTfc 586 
. determination of carbon fiioxiSe, 5^ ^ 
hydrochloric acid, 589 

* I; moisture, 591L 

ratio between chlorine and hydrochloric ac^ 
gas, 587 

Dilatometer, 135 •• 

2*5-Dinitrohydroquinoife ; as indicator, 40 
Dionic vfater tester, 226 

• r ' 

^Electrodes, 95? 97 
I auxiliary, eltctrodes for us^’ith, 104 
dfbconijecting and drying of, no 
rotating, t02 f 
stationary, 

ElectftMytes, circulation «f, 102, 107 
coefficient of ionisation of, 223 
speciiic <fcnductivity if, 220, 222 
Electrolytic analysis, 92 

* conductivity, measurement of, 215 

^ measurement pf, by Kelly clectron^tric 
apparatus, 227 ^ ® 

t measuf^efittof, by Dionic water tester, 
-• ; 226 • « 

Electrometric titration, 44 * 

Ethidie, determination of in gaseous mixtures, 
•i 44 , J 47 , 251, . * 

Kthylen^i determination c*, in gaseous mix¬ 
tures, 244, 247 • 

Evaporation, 15 

Farrics, colorimetric analyfts of, 185 
Fenicyanidci^ detection and estimation of, 639 
and ferrocyanidcs, sepiiration of, 640 
Ferrocyanides, 630 • 

alkali, commercial, exfmination of, 638 
determination ^f, 630 
determination of, as hydrocyanic acid, 635 
determinaritn of, by oxidation, 631 
deteftnination of, by titration with metallic 
salt solution, 632 

estimation of, in concentrated ammonia 
liquor, 661 

in gas liquor, 658 * 

in spent oxide of iron, 652 
and ferricyanides, separation of, 640 
Ferrous ammonium sulphate, standardising 
permanganate^by, 65 
Filtration, l6 ^ ^ 

Flasks, calibration of, 26, 30 
Fuel: analysis, 32^ ^ 

determination of ash, 332 
arsenic, 338 
calorific power, 340 
carbonCnd hydrdgeii, 338 
moisture, 329t 
nitrogen, 338 
phosphorus, 338 ^ 

sulphur, 335 « < 

volatile matter and fixed carhop, 334 
gaseous, calorific valye of, 352 
sampling for analysis, 327 

GAS*an^ysis apparatus, 235, 263 
automatic, • 

Bone and ^heeler's, 285 
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s^^lysis ipp;x]j^tus, electric, 325 
Fisaiier’s ,*273 * 

Haldane’s, 289 
H<^pers, 264 i 
Jaegtr’s, 2*93 
katharomeler. 323 
Lunge’s, 27“ ^ 

Metrogas,%95 
Orsat’s, 272 

N Pfeiffer’s, 281 ^ 

Simmance’s Combustioi^Recorder, 321 % 
Sodeau's, J^6 • ** 

: iorrection of volume fqr teril^iera- 
ture and pressure, 235^ . 
by direct absorption, 240#f4i ^ ^ 

by indirect detewiination, 240, 248* « 
sampling in, 230 * 

table for correct.on of gaseliis volumes 
measured moist to standard conditjpns,* 
239 

p technical, 229 ^ 

oufe^: Bunte’s, 278 
Honigmann’s, 280 • • 

Pfeiffer’s, 283 

Winklefs, 265 « 

calorimeter, Boys’% 352 
liquor, 656 • » 

estimation of lyanide in, 658 • 

•estimatiai^of ferrocyajiides in, 658 
estimation of thiocyanates in, G57 
thiocyanate, 655« 
residuals, sulpltir from, 364 
sampler: Huntly’s, 234 * « 

Stead’s, 232 
-volumeter, 83 • 

table for conveij^ng volumes obtained in, 
into weights oT constituents, 88 
-Volumetric analysis, 74 
Gases: absorption coefficients of, in water, 
237 ) 240 • 

changes in volume ol, by comlmstion, 248 
analysis of, by combustion, 248 
by means of palladium, 255 
by*mcans of platinum, 257 
by fractional combustion in the piesencc of 
cupric oxide, 260 
determination of acetylene, 300 
ammonia, 312 
benzene, 298 * 

carbon bisulphide. 307 * 

carbon dioxide, 3*2, 3»i 
carbon monoxidCf 303 * 

ethylene, 297 
hydrocyanic acid, 314 
hydrogen sulphide,i503 % 
naphthalene, 315 % 

oxides of nitrogen, 319 
oxygen, 301 

sulphur dioxide, ^20 • 

, sulphur by Referees’ method, 308 
tar-fof, 318 
total sulphur, 308^ 

*gravirometcr for relative density, determina- 
^0 tion of, 144 , 

•Lu^ balance for specific ^raviJy detcr- 
• m^ations, 143 • • 

pressure and draught measufement, 167 


Gases, relative density of, 136 
deArm»n|ti(y ijo, 142,144 

specific graf/ity for, 142 

table o^ensitles of,* 138 
velocittfof, in pipes, 173 
GatLil^ac aci^, exaininarion of, 412 
Giolef Kid, examinatitfn 412 

• It *• 

IIydjoculoi^ acid, anaWsis of, 518, 5^2 
arsenic, 519 ^ • 

• chlorine, 522 « 

% iron, 521 

reridue, 518 ® 

•s^Ripium, 5^2 
sulphuric acid, 518 
sul^urous and ursenious aciU^ 
determination of, in gaseous mixtures, 244 
raanyfacture of, 514 

• exit gases, eiam^iaticti of, 514 

^ Hargreaves’ pr^c^s, 516 ^ 

ng/'hial, preparation and standaidisation of, 52 
spccific^ravity of salmons of, 517 

Hydrocyanic acid, detection of, 622 
determination of, in gas, 314 
estimation of, 623 ^ 

in presence of cyanf.^!^, 624 ^ 

1 J.ydrogen, determina-'ion of, by absorption with 
palladium, 268 

determination of, in gaseous mixtures, 244, 
247, 250, 261 

Hydrogen# peroxide, use of, in volumetric 

• standardisation, 51 

Hydrogen phosphide, determination .in 
acetylene, 320 

HydrogeV sulphide, detcimination of, in gas, 

303 

Hydrometers, 118, 126 
c.dibr.ition of, 128 
special forms of, 126 
temperature correction for, 126 

iNDICAlJiRS, 37 
application of, 4I 
litmus, 39 
methyl orange, 39 
methyl red, 39 
^nixed, 40 
phenolphthalein, 40 

Iodic acid, use of, in volumetric standardisation, 

51 

lodimetry, 69 

Iodine, pure, preparation of, 70 • ^ 

standardis.iition of, 68 

lofjpmetric method in volumetric sUndardisa- 
tion, 51, 651 ^ 

Iron, for permanganate%taudardisJtion, 62 
in py'jjtes, determination of, 392 
in sulphuric a^id, determination of, 432, 453 

Katiiarom^er, 323 ^ * 

Kelly ellctrometric titration apparatus, 237 
Kiln gases, examination of, 393 

i 

Lead, determination of, in pyrites, 381 

Leblanc soda process, ^24 

Lime for chlorine industry, examination of, 582 
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Limestone for Weldon process, Jxamination*bf, 


581 

carbon dioxide, 583 




t 


insoluble matter, 581 * 
iron, S$2 

lime, 581 . 

magnesia, 58X \ | 

Liquids, coefficients of expansion of, 134 
det-rminatiorn- of optical rdfe^ory p.ojver ^f, 
209 ^ V • 

Litmus : as indicator, 39 




Manganese ore for VVeld(j’i process, examina¬ 
tion of, 576 « • # * \ 

^^termination of active oxygen, 577 * 
^ca:’>?\dioxide, 380 I 

moisture, 577 

hydrochloric acid necessary for decon^sition 
of, 580 • • 

Mangane^ oxalate, stai^rdising permanan- 
ate by, 61 

Manometers, 167 « 

Metallic salts, electrolysis of, 92 
Metals, electrolytic separation of, 112, 114 
Methane,detern:47ation of, in gaseous mixtures,* 
247,^51, 261 • 

determination of, by H 'mpel’s appai.xtus, 2^0 
Methyl orange: as indicator, 39 
Methyl red: as indicator, 39 
Micro-manometers, 169 
Mohr litre, !i8 * # ^ 

Naphthalene, determinat^n of, in gas, 315 
Nephelometry, 186 » 

Nitrate in saltpetre, determination (/■ 473 
ignition method, 475 i 4^3 
Lunge’s nitrometer method, 480 
" Nitron ” method, 475 
Schlosing-Grandeau-Wagner method, 473, 
482 

Ulsch-BOckman mclhotl, 476 
Nitrating acids, examination of, 497 f 
Nitric acid, 489 
analysis of, 494, 496 
chlorine, 496 
iodine, 496 

metals, 496 • 

nitrogen peroxide, 494 
sulphuric acid, 496 
total aridity, 495 

determination of, in spent acid, 498 
manrifactttre, 470, 486 

ammonia oxidation processes* 487 
specific, gravity, effect of nitrogen peroxide 

• 423 . . ' 

Specific gravity of, arvanous strengths, 490 
and sulphuric acid, mixtures of, 497 # 

Nitric oxide, determination^of, in gaseous 
« mixtures, 445 * 

Nitroferricyanides, 6^1 •’ 

Nitrogen, «etem:ination of, in gaseous*mixtures, 
263 

estimation of, 76, 78 
Nitrometer, 78 

Nitron, 475 , 

/Nitroprussides, 641 


Oil, colo^etric analysis oL 18^ 

. determirotion of ash in, 334 . 

* determination of sulphur in, 336 
0 l 4 im. See Sulpl^uric acid, fuming 

Oxalic acid: as a basis for uddijjnetry an|^ 
alkalimetry, 53, 54 
normal, 54 • 

pure, preparation of, ^4. « 

standardising permanranate by, 62 
jitrati*! of,# by« measurement of electrij#] 
^ conductivity, 325 * 

t^xide of iron, ipent, examinat^n of, 650 
determination of ferrocyanid^ in, 6^^ 
Oxygen, Ictive. in manganese ore, determina¬ 
tion of, 57 jt* 

determination of, in co^l gas, 30I 
determination of, in gaseous ra&tures, 245, 
247 # . *' 

« determination of, by Hemi^el’s apparatus, 

• 

PermaN(?anate. See Potassium permanganate 
^^henol sulphophthafeins: as indicators, 

Phepol tetrachloioyhthaleins: as indi&tors, 40 
PAe*' ’,:liuidftin : as indicator, 40 « 

Pipetft, Ostwald, 31 4 ^ 

Pipettes, 36 * 

calibration of, 27, 28,^ 

Pitot tubf, 173 I 

Polarimetcr, Duboscq, half-shad^, 205 • 

Schmidt and Ilaefcsrh, 207, 2^9 
tubes, 211 , 

Polarimeters, 205 
Polarimetry, 203 

clarifying agents for use in, 214 
temperature corrections in^ 212 
Potassium bi-iodate, as basisVor aciJimetry, 51, 
54 

chlorate, analysis<)f, 599 , 618 

detection of notassium nitrate in, 618 
manitfactui'e; 598 

Potassium ferrocyanides. See under Ferro- 
cyanides 

hydrogen tartrate as basis for acidimetry, 54 
hydroxide, standard, 58 • ^ 

permanganate, standard, 59 

standardising by ferrous ammonium sul¬ 
phate, 65 

ferrous oxalate, 6l 
iron methodf 62 
manganae oxalate, 6l» 
oxalic acid, v 
« potassium tetroxajatc, 6l 
sodium oxalate, fio 
Volhard’s iodimetric method, 65 
tetroxalate, use of, a basis for alkalimetry, 
54 * 

thiocyanate. S/k under Thiocyanates 
Precipitation, 16 

Propylene, deteijninatW>n of, in gaseous 
• mixtures, 247 * 

Prussian blue. See under Ferrocyanides * 
Pyknometer, use of, 1281 
Pyrites, an^ysis of, 366 
copper, 379, 392 

detbri^nation of alkaline carbonatej^ ^04 
arsenic, 3^6 *. ,• 

carbon, 38^ •• 
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PyiUf^ detenninaUon of iron, 392 


\ 


iead.38i*> • 

moi^ure, 366 * 

sulfihur, 366, 389 
\ zinc, ^81 I 

distinction between ordinary and magnetic, 

383 • . 

Pyrometers, 166 • ^ 

electric resistance, K2 
i^Callendar recor<^rfor, iJSi • 
^^|Vhipple indicator for, 1^4 
radiation, optipal, 163 • 

l6j 

ffiermo-electric, 156 
Wanner, 164 


t • 

ii8tic,264 
of, 166 
)ly{!cliq#)ri 


: Li^e. 


Su I?ifne 


•refractive index, measurement of, 188 • , 
Rcfractometer, Abbe, 193 • 

Ai^ro-, 194 • 

dippifg or immersion, 196 • 
interference, 198 • < 

Pulfrich, %9o 
^Thomoe, joi 
Refractometry, 189 
temperature consol in, 20J ^ 

• 

SaCCHARimeter, cogtrol tube for, 212 
Laurent, 206 ^ 

Soldi, 206 • 

Salt: analysis of, 505 • 

calcium and magnesium, 508 
chlorine, 507* 
insoluble mattei^^So 7 
moisture, 506 • 

sulphuric acid, 5^7 
rock, 505 
-works, 501 

Saltcake : analysis of, 309 
• aluminium, 513 
•m|pium, 510 
free acid, 510 
iron, 510 
magnesium, 511 
sodium chloride, 510 
sodium sulphate, 51 5 # 
manufacture q 4 5 < 5 ti 509 • 

Saltpetre, Chili, 470 ^ ^ 

assay of, 471 ^ • 

determination of nitrate in, 473 
estimation of chlorate and perchlorate, 484 
chloride, chlorate, |nd perchlorate, 486 
amples, taking, 4-12 * ^ 

grinding, 12 • 

■eger cones, 165 

■elenium, effect of, ii^Marsh-Berzelius test for 
arsenic, 44% • 

lilver nitr#te, standard solutions of, 73 
;oda ash, 548 % 

•analyiis of, 556 ^ ^ 

estimation of available alkali in, 55 i 

Examination of, 55+ • * 

valtfatton of, 552 • • • 

rt/jf Sodium carbona* 


Sdtta, caustic, 
analyds of, 

electrolyflcftq#)rA 5^ 
manufactuA of, 54!^ 
causUfc bottlpis, 543 
caudpsed liquor, 542 
, 6 altsf 542 / 

lime mud, 543 • • 

sampling, 56% % 

sol^iibns, s^^r. of, 564 • 

Soda of the celmlose industry, crude fused, $44 
€oda crystals, 56^ * ^ * 

Sodium, metallft, use of, in volumetric 
st2||idardisatiol{ 51 
t SoAiijp ticarboaa^, 568 
anj^sis of, 5^ 
as l&sis in acidimctry, 52 
estimation of total carbon dioxide in, 570 
carbgnate, analysis of, 554, 536 
' carbonate, detefliojj of, ill bicarbonate, 569 


t^irbonate, manuf^:||irc of, 524 
*^mmonia-soda process, 541 

Chaiice - Claus -^jj^flir recovery process, 
538 

Leblanc process, 524 
carbonated liquor s, ^5^ 
soda mother IiqiiWv53I 
vat waste, 537» 
vat liquor, 527 

rnrbonate, pure, examination oi, 561 
carbonate solutions, sp. gr. of, 549 
carbonate as %tandatd for acidimetry and 
* alkalimetry, 47 
.SV^ a/so Soda ash ^ 

chlorate, estimauon of, in saltpetre, 484 
chloric^ 500, 503 
analy^s of, 505, 509 

calcium and magnesium, 508 
chlorine, 507 
insoluble matter, 307 
moisture, 306 
sulphuric acid, 5^7 
sp. Jr. of solutions of, 301 
cyanitfe, manufacture of, 621 
See also Cyanides, alkali 
ferrocyanide in vat liquor, estimation of, 529 
hydroxide, standard, 57 
nitrate. See Saltpetre, Chili » 

*oxalaie as basis for alkalimetry, 49 
standardising permanganate by, 6l 
perchlorate, estimation of, in saltpetre, 485 
sesquicarbonate, 572 
sulphide, sulphate, and sulphite, iu 
mothe^ liquors, estimation of, 53 i 
Uiiocvanate. See under Thiocyanates 
miosulphate, |9 * 

in soda mother liifuors, deteAnination 
^2, 536 
Solution, 15 , 

Solutions, norm'Jlf 45 * 

Specilic condtetivity of solutions, 216 
Specific |;ravity, determiftatiog of, Ij6 
determination of, by flotation method, 131 
determination of, by means of the pykno- 
meter, 128' 

determination of, by method of sinker, 131 
of solids, determinafion of, 145 , 


soda 


if, 
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Specific gravity, table for thelxonversion lof, 
into ratioi^ Baum^ degree! , 124.^ 

Specific resistance, 31 ^ 1 ' 

comparison of, 231 * 

Specific rotation, measurement of, 2 i 3 
Starch solution, preparation of, 68 V, 

Steel, determination of carbon*in, 180L , i 
Sulphite liquors fof i#ood-pulp manufacture, 
examinatioj1*of, 402 4, «. 

Sul|?iJtcs: determination of, 4A ' 

Sulphur: analysis if native, syB 
(^hance-Claus recovery process, 538 » 

determination of, 362 * 0 

arsenic in, 361 ^ 

’ash, moisture, and bituminous s^iDjtifiices ^ 
in, 360 ' 

in, 362 J 

determination of, from gas residuals, 364 
determination of, in pyrites, 366, 389^ 
in soda mother iiquop, ^31 « 

iij zir^ blende, 383, 0.^ m, 

flowers of, 364 \' 

sp. gr. of solutionSW: in carbon bisulphide, 

363 

Sulphur dioxide: determination of, in air, 400 
ing^. 3204^., ' 

in glfseous mijcraits, 247 
in kiln gases, 393 . 

liquid, 401 ® 

Set also Sulphurous acid 
Sulphur trioxide, determination of, in kiln 
gases, 398 • f 

Sulphuretted hydrogen, determination of, in 
fuseous mixtures, 247 
Sulphuric acid, 416 
boiling points of, 428 
determinati6n of, 367, 372, 449 
determination of ammonia in, 432 
determination of arsenic in, 433, 455 
Bettendorf's test, 448 
Gutzeit’s test, 445 
Marsh-Berzelius test, 434 
Reinsch’s test, 444 • 

determination of hydrodiloric acicT in, 430, 
455 

hydrofluoric acid, 432 
iron, 432, 452 
Iea 4 , 432, 452 

nitric acid, 451 * 

nitrous add, 430, 449 
selenium, 432 
sulphurous acid, 430, 449 
detepiination of, by means of benzidine, 374 
determination of, in sjicnt acid, ,199 
volumetric determination of, 372 , 

. fuming,*456 , * 

analysislof, 460 • 

boiling points of, 457 
estimation o|, 468 
melting points of, 456 •# 

• sp. gr. df, 4*57 • 

table den^ty ahd composition if, 458 
tables for finding jiercentage of free SO^ 
in, 467,468 

impurities in, 429 * ^ 

manufacture, examination of gases in, 403 
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Sulphurlfc ^cid manufacture, examination of 
addf in, 405 ♦ / ® 

* nitric oxide, 408 ' 

ft ijnitrous oxide, ^09 
oxygen, 404 ' 
manufacture, 403 
loss of sulphur, ^10 4 

works acids, examination qf, 411 
iPieltin^ points of, 429 
l^nd nitric acifl, mixtufcs of, 497 
normal, preparation and standardisation 

^ 52 j * 4 P 

•sp«gr. of, 416 ^ 

mfluetice of temperature on, 425, 427^ 
Sulphurimeter, 

^ulphqrtus acio^ kiln ^ses, examination of, 

’393' ■ ' 


manufacture, 358, 388, 

^ solutions uf, 400 

'l'EMPEUA 5 CURE, measurement of, 147 
'temperatures, stan#-ard thermodynamic^ffile 
of, 148 * a 

1 nernrometers, mercurial, 149, I5q 
plarinum resistance, 152 * 

an<f thermometry, i49k* 

Thiocyanate gas liquor^55| 

Thiocyanates, 642 * 

detection of, 642 « 
commercial, analysis of^ 646 
estimation of thiourea in^ 647 
estimation of, in conoentralcd ammonia 
liquor, bGo 

estimation of, in gas liquor, G55, 657 
estimation of, as cuprous thiocyanate, 645 
estimation of, by oxiAitiou with perman¬ 
ganate, 645 4 
estimation of traces of, 646 
estimation ofi^’^olhard’s method, 643 
Tintometers, l8l 

Vat liquor and waste. under Sodium 

carbonate , 

Volumetric analysis, apparatus for, 34 
calibration and standardisation of, 20 
electrometric titration in, 44, 225 
glass used in, 37 

« 

Water, ammonia dclerminatiiMi in^ I79 
conductivity, 219^ ^ 

^)ensity of, 117 
Weber-Feclmer law, 178 
Weighing, 14 

Weldon mud, examina^on of, 584 
process in^hlorine manufacture, 576, 584 
Westphal balance, fl% 147 

Zinc blende; determipation of available 
I sulphur, 388 ‘ • 

determination of arsenic, carbonir^t acid, and 
fluorine, 387 • 

lead, cakium and magnesium, 3869 
sulphur in burnt ore, 392 
sttlpj^ur and zinc, 383 

Zinc, determini^joivoif, ki pyrites, 381 * • , 
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The contents® and author# sections in Vols.#!! and III are 
as )bllows*»- , 

. VOLUME If 


Iron and Steel, . 

Non-Ferrous Metais 
Metallic Salts . * 

Potassium Salts . « 

Inorganic Pigments 
‘Painj^Vehicles. Japans and Varnishes 


Prof. O. ^?ANN1STI£K, A.R.S.M, 


Jr. 


G. Patcuin, A.R.S.M. 
W. R. SenOELLER, Ph.D. 
. J. T. Gunn, D.Sc. 

S. Moreu., M.A., Ph.D. 


VOLUME III 


jj. W. Mei,lor, D.Sc. 


Clay ^ '. . . 

Claywarcs, lCarthepwar?s, and Refractories 
Glass . . J. D. Cauwooh, M.Sc., and J. H. Davidson, M.Sc. 

Cements . , . G. Patcuin, AJ?,.S.M. 

Potable Water Prof. G. 5. FowlAr, D.Sc.* 

E'eed Water for Bjilers, etc. . W. Newton 

Sjwage and Bffluents . Pro^*G. FowLSR, D.Sij 

“Artificial Canutes • 

Feeding Stuffs 

Sdfls ^ . _ . Sif A. D. Hall, F.R.S. 

^ir • . Charles A. Kbane, D.Sc., Ph.D. 


* . . 

Ja. SMEtHAM^ F.I.e. 
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The contents 9fc'.V\^)ls. ^iV-VI 

Illuminating'Gas 
Ammoniq, etc?* 

COal Tar 
Organic Dyes 

'' ' 9 iF »2 

VO L1 

Mineral Oils ' , 

o < I 

Lubricants v , 

•'vj* (. 

Oils, Fats, and Waxes 
Veget^We D. 'I's and Galenicals 
Essential Oils and ?erfumcs 
Tartaric and Citric Acids 


w'll be as follow s :— 

'■ « 

ME IV 

i t ExjUosives 

j •' Cafeium'* Carbide and Acttyl^'fr ■ 
i . Matches' and Fire'vvorKS 

• 

ME 

C ^ 

I ' Fine.Chemicafs 

Synthetic Drugs and AlkaloMs 
w*i.i.iniectants 

Vegetable Tanning Materials 
j^cajher 
' Inks 


VOLUME VI 


Sugar 

Starch and Dextrin 

Alcohol, Spirits, and Liqueurs 

Brewing Materials and Beer 

Wine 

Vinegar 


Paper 

Textiles 

Rubber 

Resins, Balsams, and Gum Resins 
Glue and Gelatine 








